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SOLID COMPOSTtONS OF 
LOW^SOLUBILITY DRUGS AND POLOXAyERS 

FIELD OF THE INVENTION 
5 This invention relates to soiid composittons of low-soiubBity drugs and 

poloxamers that maintain phyateaily stabiJfty and concentfation enhancement of 
dissolved drug when administered to an aqueous environment of use, 

BACKGROUND OF THE !NVENT!ON 
10 ft is sometimes desired to form a oomposSton of amorphous drug and a 

polymer. One reason for forming such compositions Is that the aqueous concentration 
of a poorfy sofubie drug may be improved by such a technique. For exampie, 
BP 0 901 786 A2 to Curatoto et al discloses forming pbarmaoeutfcaS spray-dryed 
dispersions of sparingly soiuble drugs and the po^ymer hydroxypropyi methyf ceilufosa 
35 acetate succinate, in which the drug is amorphous and dispersed in the polymer. The 
spray-dried dispersions disclosed in Curatolo et aL provide superior aqueous 
concentration relative to dispenslons formed from other methods and rafatJve to the 
crystaifine drug atone, 

Simiiarty, others have recognized the enhancement in aqueous 
20 concentratfon afforded by forming composftions of a drug in a polymer, U.S. Patent 
No. 6j456»923 to Nakamichi et aL discloses soRd disperstons fomied by twin-screw 
extmsion of iow solubility drugs and various polymers. 

Poioxamers {polyoxyethylene-polyoxypropyiene copolymers) are 
routine{y used fn the pharmacetrttoai arts for a variety of appKcations, primarily as 
25 emulsifying agents in intravenous fat emulsions, and as soiubifizing and stablltefng 
agents to maintain the clarity of elixirs and syrups, Poloxamers are ateo used as 
wetting agents; in ointments, suppository bases, and gels; and as tablet binders and 
coatings* 

Forming compositions of poloxamars and drugs is known. U.S, Patent 
30 No. 6,368,622 to Chen et al disoioses a mixiura of drug with a poloxamer. In a 

particufar embodiment, the drug fenofibrate, having a metdng point of 7Zto 82^ and a 
giass transition temperature (T^) of about -1 9C is melted with a poloxamer. White the 
data show the drug in the composition has a faster dissoiution rate than a commercial 
fonnufation, no concentration enhancement was demonstrated. 
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U.S. Patent AppBcation Pubtteation No. US2001/0036959A1 to Gabei et 
af. discloses a composition comprteing the drug carvedlfol, having a melting point of 
1 1 3*^ to 1 1 ec and a \ of about 3gc, in a concentration above 5 wt%. The preparation 
preferably inciudes potoxamers. The composition may be formad using a melt method 
5 or by spray-drying, 

European Patent Specification EP 0836475B1 to Clancy et aL disciosos 
a sofid composition of an active ingredient In a hydrophiifo poioxamar polymer. The 
composftion is formed either by meitlng the poloxamer and dispersing the active 
ingredient therein or dissolving the active ingredient and poloxamer in an organic 
10 soivem or solvents; the soivant is evaporated and the molten poioxamer is cooied and 
miHed to obtain the formulation. 

However, a probiem With forming soM compositions contajnlng 
amorphous drug and a substantial amount of poioxamer is that the drug can crystaHIze 
over time, feacfmg to poor performance. Thus, there is a comlnuing need to provide 
15 methods and formulations for enhancing the concentration of iow-solubiiity drugs while 
providing physical stability, 

SUMMARY OF THE JNVENTiON 

in a first aspect, the invention comprises a solid composStlon comprising 
20 a piuraifty of particies. The paitictes comprise a low-soiubiiity drug and a poioxamer 
The drug fs in intimate contact with the poioxamer in the particles. Collectively, the 
drug and poioxamer constitute at ieast 50 wt% of the particles. At least a substantial 
portion of the drug m the composition Is amorphous. The Tg of the drug is at least 
Unless otherwise noted, as used herein the T§ refers to the T^ measured at less than 
25 10% RH. The composition provtdes concentration enhancement of the fow-soJubJIity 
drug when administered to an vitro or in vivo acjueous environment of use. 

In a second aspect, the invention comprises a soiid composition 
comprising a pfuraiity of particfas. The partfcles comprise a JoviZ-solubility drug and a 
poioxamer. The drug is in intimate contact wkh the poioxamer in the particles. 
30 Goitectiveiy, the dmg and poioxamer constitute at least 50 wt% of the particles. At 

least a substantial portion of the drug in the composition is amorphous. The drug has a 
Log P value of greater than about 6.5. The composition provides concentration 
enhancement of the low-solubBlty drug when administered to an in vitro or in vivo 
aqueous environment of use. 
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In a third aspect, the mventfon oomprises (1) particJes comprising a low- 
solubfHty drug and a potoxamer and (2) a concentration-enhancing polymer* The 
concentration-enhancing polymer is present in a suff Jcient amount such that the 
pharmaceuticai composition, foliowing administration to an in viva or in vitro aquBOUB 
5 environment of use, provides concentration enhancement relative to a contno! 

composition consisting essentially of the pafticies compnsing the drug and poioxamer. 

in a fourth aspect, the invention provides a process for preparing a soiid 
composition comprising the steps of (1) forming a soiution consisting essentiaify of a 
fow"Solubitity drug, a potoxamer, and a solvent; and (2) removing the solvent from the 

10 solution to form soiid pafticies comprising a iow-solubiyty drug and a po!o)camer» 

wherein at least a substantia! portion of the drug in the particles is amorphous, and the 

of the drug Is at least The solid composition provides concentration 
enhancement of the tovv-solubillty drug when administered to an in vitro or in vivo 
aqueous environment of use. In a preferred embodiment, the solvent is removed from 

15 the sotution by a spray-drying, spray-coating, rotoevaporation or evaporation. 

The various aspects of the present invention provide a solid composition 
comprising a pofoxamer that provides both good physical slabiiity as weH as Improved 
concentration of dissolved drug in a use environment* Poloxamers are block 
^ copolymers consisting of polyethyiene oxide (PEO) segments and polypropylene oxide 

20 (PPO) segments. Poloxamers have melting points f rom about 4S*to about 

Without wishing to be bound by theory, it is believed that at ambient temperatures, 
typicatiy 10^ to 3{3Crthe.REO segments will eventuaify aggregate and crystaffize to 
fomi semicrystatllne PEO domains while the PPO segments will remain as amorphous 
domains. These PPO domains have a relatively low Tg of about As a result, any 

25 solute dispersed in the amorphous PPO domains wiil have high mobility at normal 
storage temperatures of ^to 40C, When drug is dispersed in poioxamers, and 
subsaquentiy the poloxamer is brought to a temperature foefow its meiting point, the 
PEO segments wtil generally crystaiiize, and drug will primarily reside m the amorphous 
PRO domains, where the drug wM generaliy have high mobility. The Tg of the 

30 drug/PPO domains wtil ganeraiiy tie between that of the pure PRO domains and that of 
pure amorphous drug. The precise vaiue of the Tg of such domains wi!t afso depend 
upon the relative amounts of drug and PPO in the domains, and to a tesser extent, 
upon the interaction between the drug and the PPO. The inventors have discovered 
that when the Tg of the drug/PPO domains is less than the storage temperature and the 

35 concentration of drug In the PPO domains is above its soiubiiity in the PPO domain, the 
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drug will have a tendency, over time, to crystallize and the amorphous composSions 
wtif therefore become unstable. 

To reduce this instability, the inventors have discovered that the physl6af 
stabtilily of soifd compositions of iow-solubnity drugs and poioxamers can be improved 
5 by choosing the drug to have either (1) a Tg of at least about 5ffC, or (2) a Log P value 
of greater than about 6,5, or both. Solid composftions comprising a iow-solubi!Ety drug 
having at least one of these properties and a poloxamer can have higher drug loadings 
{that is, the fraction of drug in the soild composition can be higher) and/or improved 
physical stability at storage conditions than solid compositions made with drugs that do 
10 not have these properties. ThB solid compositions a!so provide concentration 
enhancement in an aqueous environment of use. 

The foregoing and other ob|ectives» features, and advantages of the 
invention wlH be more readily understood upon consideration of the foilovving detailed 
description of the invention, 

15 

DETAiLED DESCRIPTiON OF THE PREFERRED EMBODIMENTS 

The present invemion relates to solid compositions of a {ow-solubiyty 
drug and a poloxamer. The solid compositions of the present invention are capable of 
achieving high concentrations of dissolved drug in in vitro and in vivo use 
20 environments. The ^lid compositions provide good physical stability, meaning that the 
drug in the solid compositions tends to remain in the amorphous form over time at 
. ambient storage cor>ditions. The nature of the solid compositions, suitabia poioxamers 
and low*solubility drugs, methods for making the compositions, and methods for 
determining concentmtion enhancement are discussed in more detal! below, 

25 

POLOXAMERS 
The solid compositions of the present invention comprise a 
poiyoxyethylene-polyoxypropySene block copolymer, also known in the pharmaceutiGa! 
arts as a ^'poioxamer,'* Poioxamers are orystaliine or semi-crysta!15na materiais that 
30 generally have a moiecuiar weight ranging from about 2000 to about 15,000 daitons 
and have the genera! formula: 



H0{C2H4O)^(C3H60)b(C2H4O)^H 
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Wherein a is about 10 to about 150, representing blocks of repeat units of poiyetiiylane 
oxide or polyoxyethytene (referred to herein as the PEO segment), and b is about 20 to 
about 60, repreaenting blocks of repeat units of polypropyiene oxide or 
polyoxypropyieria (referred to herein as the PPO segment), depending on the particujar 
5 grade. Suitable poloxamers are sold under the trade names PLURONtC and tUTROL, 
both available from BASF Corporatjon of Mt. Olive, Isisw Jersey. Preferred poloxamers 
have a morecuiar weight of at feast about 4,700 daftons and a melting point of at least 
about 45^C when dry and so are soNd at ambient temperatures. 

Prefen-ed grades of poloxamers inciude poioxamer 18S (PLURONiC 
10 F68), potoxamer 237 (PLURONIC F87), poioxamer 338 (PLURONJC F1 08), pofoxamer 
407 (PLURONfC F127), the specifications of v^hich are given in Table A, and mixtures 
of those poloxamers. 



Table A 



1 

1 

1 Potoxamer 


Physical 
Format25''C 


a. 


b 


Average | 
Molecular 1 
Weight 1 
(daitons) 1 


188 


Sofld 


r 80 


27 


7,680-9,610 j 


1 237 


Soifd 


64 


37 


6,840-8,830 1 


1 338 


Sofid 


141 . 


44 


12,700-17,400 


407 


SoJid 


101 


56 , 


9,840-14,600 1 



Sofid Parllctes of Drug and PoSoxamer 
The parttcies of drug and paioxamer are solid at temperatures up to 
30^C and (ess than 10% reiatk/e humkiity (RH), in order to keep the totai mass of the 

20 compDsilion small, it is preferred that the particte cornprlse at least about 5 wt% drug. 
More preferably, the padicie comprises at least about 10 vvt% drug, and more 
preferabiy at least about 20 wiYi^ drug. In one emfoadiment, the particle has a high drug 
foadlng. Drug ioadirtg refers to the weight fractfon of drug in the solid composition, fn 
this embodiment, the drug may be preser^t in an amount of at least about 40 wt% of the 

25 partlcfe, at least about 45 wt%, or may even be at least about 50 wt%. Such high 
loadings of drug are desiiBbfe to keep the total mass of the pharmaceutica} 
composition at a low value. High drug ioadfngs are possible for physicaily stable 
composiffons which have either a hfgh Tg {>50''C) or a drug having a high Log P, as 
described more fully beiow. 
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At feast a substantiai portion of the drug in the particies is amoFphous. 
By '^amorphous" Is meant that the drug is in a non-crystalNne state. Aa used herein, the 
term "a substantia} portion" of the drug means that at least 75 wt% of the drug in the " 
parties is In the amorphous form, rather than the crystailine form, it has been found 
5 that the aqueous concentration oi the drug In a uae environment tends to improve as 
the fraction of drug present In the amorphous state increases- Accordingiy, a 
"^substantial portion" of the drug in the particles fe amorphous, and praferaWy the drug 
is "almost completely amorphous," meaning that the amount of drug in the crystaSine 
form does not exceed 10 wt%. Amounts of crystaBine drug may be measured by 
10 powder X-ray dmraotbn (PXRD). Scanning Electron Microscope (SEM) analysis, 
differential sqannlng caiorimatry (DSC), or any other standard quantitative 
measurement* Most preferably the dispersion is substantialiy free of crystayine drug. 

The amorphous drug m the particles is in Intimate contact with the 
poSoxamer, The amorphous drug in the partfeie can exist as a pure phase, as a solid 
15 solution of drug homogeneousiy distributed throughout the poloxamer, or any 

combination of these states or those states that ite between them. Without wishing to 
be bound by any theori^, it is believed that the two different block portions of the 
potoxamer, e.g. the PEO and PPO segments of the poioxamer, are present as different 
phases in each of the particles. As noted above, the PEO portion may be semh 
20 crystatiroe, such as in the form of Samaflar sheets, and as such, contains little if any of 
the drug- The other phase is composed of amorphous PRO with all or part of the drug 
- "%TDmogen0oosSy dissR^lved in the-PPG; In^some-casesrpartlouiarfy athigh drug loading, 
a third phase may exist, consisting primarily of amorphous drug within the particie. 
Thus, the drug may be present primarity in the PPO portk?n, and may be 
25 homogeneously distributed throughout the PPO portion, or tfte drug may be present as 
drug-rich domains interspersed throughout the particia, or may be in any combination 
of these two states or those states that lie between them. In cases where drug-rich 
amorphous domains exist, these domains are generally quite small; that is, less than 
about IjjTt in mzB. Preferabiy, such domains are less than about 100 nm in size. The 
30 particles may have a single Tg, indicating that the drug is homogeneousiy dispersed 
throughout the poioxamer, or may have two TgS, cofrespond'mg to a drug-rich phase 
and a dmg-poor amorphous phase. Thus, while the drug In the particies is amorphous, 
a portion of the poloxamer in the particles may be in a crystalline or semi-crystaliine 
state. Analysis of the particles of the present invention by PXRD or other quantitative 
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methods for detomiming the ctyBtalliniiy of a materia! will lypicaBy indieate peaks 
associated with crystalline or semt-crystailine poloxamer* 

Solid compositions of the present invention provide good physjca! 
stability. As used herein, ^=physicaily stable*' or "physical stabBit/' means the tendency 
5 of the amorphous dnjg present !n the particles to crystaHize at ambient storage 
conditions of 25^C and less than 10% RH. Thus, a sofld composition that is more 
physicafly stable than another wili have a slower rate of drug crystailisatton in the solid 
composition. Spedftcally, compositions of this invention have sufficient lability that 
iess than about 10 vrt% of the drug crystallizes during storage for 3 weeks at 2gC and 
10 10% RH* Preferably, less than about 5 wt% of the drug crystaili2:es during storage for 
3 weeks at 2gC and 10% RH, and more preferably, after storage for 3 months at 25C 
and 10%RH> 

Without %vishjng to be bound by any particular theory or mechanism of 
action, it is beileved that physicaily stable particles containSng both drug and poloxamer 

15 generaily fafi into two categories: (1) those that are thermodynamjcaify stable (in which 
there is Httle or no driving force for crystallization of the amorphous drug) and (2) those 
that are kmeticaily stable or metastabie {in which a driving force exists for crystaftization 
of the amorphous drug but low drug mobility prevents or siows the rate of crystailkatton 
to an acceptabia level). 

20 To achieve thermodynamically stable solid compositions, the solubility of 

the amorphous drug in the poloxamer should be approximately equal to or greater than 
the drug loading. By drug ioading Is meant the weight f raction of drug in the solid 
particles. The partiotes may have a drug ioading that is slightly higher than the 
solubility and still be physically stable since the driving force for crystal nucleation In 

25 that case is quite iow. By ^'slightly higher is meant a drug ioading 10 to 20% higher 
than the solubility of the drug in the poloxamer. The solubUity of the drug in the 
amorphous form of the poloxamer generaily increases as the hydrophobicity of the 
drug increases, A common measure of hydrophobicity is Log P, defined as the base 
10 iogarithm of the ratio of the drug soSubility in octanot to the drug soiubility in water, 

30 Log P may be measured experimentaity or oaiculaied using methods known in the art. 
Calcuiated Log P values are often referred to by the cafcyfation method, such as Clog 
P, Alog P, and MSog P. The Inventors believe thai the higher the Log P of a drug, the 
higher wit! be its solubility In the poloxamer and, in turn, the higher the drug loading 
may be in the soM particias and still be physioaiiy stable. SpecificaiSy when the Log P 

35 of the low-solubility drug is greater than about 4.5, the drug loading of the composition 
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may be up to about 30 wt%; the Log P is greater than about 5,5, the drug badjng 
may be up to about 40 wt%, and when the Log P is greater than about 6.5, the drug 
ioading may be up to about 50 wt%. 

Soiid compositiom of tow sofubffity drugs and potoxamers, wherein the 
5 drug has a reiatfveiy high Log P value, may have higher diug loadings and stiJl be 

physlcaiiy stable because the solubfilty of the drug in the potoxamer is higher relative to 
composittons containing drugs with a lower Log R Thus, the maximum drug toading 
that a composSion may have and still be thermodynamicaily stable Increases with ^ 
increasing Log P of the drug, it should be noted that the sofubliity of a drug in 
10 pofoxamer Is, in addition to being a function of the Log P of the drug, also a function of 
the melting point (1^^) of the drug- In genera!, for a given Log P vafue, the solufoiftty of 
the drug in the poloxamer decreases with increasing melting point of the drug above 
the storage temperature. Thus, for compositions of two drugs with Log P e<|ua! to 6.5, 
one with a T^^ of about SO^'C and the other drug with a of about 120-C, the sofubHity 
15 of the first drug in the potoxamer will generally be higher than the second drug and 
therefore amorphous compositions of the first drug may have higher drug ioadlngs and 
stlif have acceptable physlcaJ stability. 

When the drug bading in the particies is 10 to 20% percent greater than 
the solubiifty of the drug In the poloxamer (that is, the solid composition Is 
20 supersaturated in amorphous drug), the partfcles are not thermodynamicaily stable and 
a driving force exists lor phase separation of the amorphous drug into a drug-rich 
^Rase:"SO?;h yrUg-ric^h phases may be amorphous and microscopic (l^ss than about 
1 pm in size), or amojphous and refatively large {greater than about 1 ^m In stee) or 
crystafline in nature. Thus, following phase separation, the compositrons can consist of 
25 two or three phases: (1) a drug-rich phase comprising primarily drug; (2) a phase 
comprising amorphous drug dispersed in the potoxamer; and (3) an optional phase 
comprising semf-crystailine PEG segments of the poloxamer. The amorphous drug in 
the drng-rich phases can over time convert from the amorphous form to the iower- 
energy crystalline form. The physical stabiiity of such particies wiil generally be 
30 greater, for a given drug foadfng, (1 ) the tower the molecular mobility of the amorphous 
drug, and (2) the iower the tendency for the amorphous drug to crystaiiize from the 
drug^rich phases. 

Moiecufar mobility is generaliy lower and physically stability greater for 
particles composed of drug wtth a high Tg value. The T^of the drug-containing 
35 phase(s) is a measure of the moiecuiar mobiSity of the drug in the particle. The higher 
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the Tg Of the drug-contabing phase, the iower the mobility of the drug. Thus, the ratio 
of the Tq of the drug-<?ontatning phase to the storage temperature (Tst(^^^) for the drug- 
containing phases of the particle (In K) is an accurate indicator of the rela«ve drug 
mobility at a given storage temperature* In order to minimize phase separation, St is 
5 desired that the mobility of the amorphous drug in the particle be low. This Is 

accompifshed by maintaining a ratio of Tg of the particie/Tstotsse of greater than about 1 . 
Since typioai storage temperatures can be as high as 4€fC, it is preferred that the TgS of 
the particles be at least about 4ac, more preferably at least about and most 
preferably at least about SOC. Since the T^ are a function of the water content of the 

JO particles, which in turn is a function of the reiative humidity to which the particles are 
exposed, these T^ values refer to the Tg of the particles that has been equiflbrated wfth 
an atmosphere that has a low relative humidity^ that is, less than about 10% of 
saturation (or an RH of about 10% or iess). 

As noted above, a portion of the poloxamer may in the compositions be 

15 crystaiiine or semi-crystaiiine. Suitabie phafmaoeuticai grades of potoxamers have 
mailing points between about 4^C to about SOC. Because the poloxamer in the 
composftbn may have a melting point m this range, it may be diffioult to verify that the 
Tq of the particles Is also in this same range by using standard thermal methods such 
as DSC since the melt exothemi of the seminDrystanine portion of the poloxamer occurs 

20 at about the same temperature as the Tg. 

The Inventors have found that the Tg of the drug atone may be used as a 
"^goodindicator of the physical stability of particles which have drug loadings that 
substantially exceed the drug's solubility in the poloxamer. This is especialfy true for 
particles in which the Tg of the drug-containing phase is near the melting point of the 

25. poloxamer, which makes measuring the T^ of the drug-containing phase difficuit. 

Specif icaliy, the inventors have found that a low-sDiubiiity drug having a Tg of at least 
about sot: generality resufts in physicaiiy stabie solSd compositions. Without wishing to 
foe bound by any particular theory, it is befiavad that the higher the Tg of the drug is, the 
higher the TgS of the amorphous drug-containing phases of the soitd composition wili 

30 be, and the iower the molecuiar mobiSiti^ of the amorphous drug in the soiid composition 
will be. As a result, solid compositions formed with low-solubility drugs having high Tg 
values and potoxamers tend to have high Tg values themselves, and as a result, 
improved physical stability. Such Tg values may represent that of drug dispersed in the 
amorphous portions of the poloxamer or the Tg of drug-rich phases or domains. In the 

35 case of drug-rich domains, the Tg is generally about that of the drug alone. In the case 
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of drug dispersed in the poloxamer, the Jfj generally fies betv^^een those of the drug 
aione and the poioxamer atone. Thus, the higher the of the drug, the higher the T^s 
of the solid composition, and therefore, the greater the physical stability of the solid * 
composition. The Tg of the drug may be at ieast about 60C, at ieast about TOC, or 
5 oven at ieast about The Tg of a drug can be determined using standard anaiyticat 
techniques well known lo the art, Jncluding by a dynamic mechanicai analyEer (DMA), a 
difatometer, a diefeetric analyzer, and by dffferentiaf scanning catorimetry (OSC)« 

In addition, the melting point of the drug, T,^^, may also be used as an 
indicator of the physicai stability of the solid ODmposltjon. fn general, drugs with higher 
10 mefting pofnts fend to have higher glass transition temperatures as weii, and may 

therefore have improved kinetic stability. Thus, in one embodiment, the drug may have 
a melting point of at feast 1 30C. at ieast 1400, or even at ieast 1 S(TC. The T^ can be 
determined using standard anaf>4*aa} techniques wail known in the art, such as those 
described above for measuring Tg, 
15 However, physical siabliity is also reiated to the raiative difference 

between the Jm and the Tg of a drug. Although the primar/ indicator of the physical 
stability of amorphous drug-poloxamer composftions with drug loadings substantiaily in 
excess of the amorphous drug solubility in the poioxamer is the Tg of the drug, the 
tendency of the drug to crystallize also has an effect on the physical stability of such • 
20 composftfons, Wfthout wishing to be bound by any particular theory, it Is believed that 
the tendency for amorphous drug to crystallize when a drug-rich phase fs formed Is 
"■characterized by the-^ratfo of the T,^ of the drug to the drug's Tg (both in^K), The driving 
force for cj^taifization is dominated by the T^, and the kinetic barrier to orystaiiization 
is oontroffed primarily by the Tg, The ratio TJTg Indfcates the relative propensity for a 
25 drug to crystaillze. Thus, for a series of hypothetical drugs with equivalent \ values of 
about SO^^C, amorphoys compositbn of a drug with a TJT^ value of about 1 .30 wHI be 
more physically stable than an equivalent composition wtth a drug that has a Tg value 
of about 1 ,35, which in turn wifl be more stabie than an equivaient composition with a 
Tft^/Tg value of about 1 .40, 
30 Since conversion of amorphous drug In the particles to the crystaSfine 

state is related to the relative values of (1) the Tg of the particles, (2) T^tom^?^. and (3) 
rafalive humidity, the drug in the particles may tend to remain in the amorphous state 
for longer periods when stored at ambient temperature (less than 4aC) and iow reiative 
humidify (tess than 10% RH}. In addition, packaging of such sofid Gompositions so as 
35 to prevent absorption of water or inclusion of a water absorbing material such as a 
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desiccant to also prevent or retard water absorption can maintain a high Tg for the 
particles during storage, thereby helping to retain the amorphous state, Ukewise» 
storage at iower temperatures can aiso improve the retentton erf the amorphous state. 
The primary cor^stftuents of the paitfcl^ are the !ow-solub«lty drug and 

5 the poloxamer. The drug and poloxamer together constitute at least 50 wt% of the 
particles* The drug and poioxamer may constittrte even greater amourtfe of the 
composition, and may oonstSute at teast 60 at least 70 wt%, at least 80 wl%, or 
even at teast 90 wt% of the particles, in one embodiment, the particies consist 
essentially of the iow-solubiltty drug and poloxamer. 

1 0 The amount of drug relative to the amount of poioxamer present in the 

particles of the present invention depends on the charaotaristios of the drug and 
poioxamer and may vary widely from a dfug-to-poioxamer weight ratio of from about 
0.01 to aboiA 100 {e.g., 1 wt% drug to 99 wi% drug)- Prelerabiy, the drug-'to- 
poioxamer weight ratio ranges f rom about 0,06 to about 49 (5 wt% drug to 98 wt% 

15 drug). The amount of poioxamer m the partfeJes w!l[ depend on the dose of the drug, 
the stabiiity of the resulting particies, and the degree of concentration enhancement 
provided by the particies. In one embodiment, the poloxamer fs present in the partfcles 
in an amount that is greater than any other non-drug axciplent* Typically, the 
poloxamer is present from at least 40 wt% up to 99 \vt% of the particles. 

20 

LOW-'SOLUBILITY DRUGS 

" - The term-^dnjgMs'^GOnventiDnai, denoting"^ compound having beneficial 

prophy!actic and/or therapeutic properties when administered to an animal, especially 
humans. Preferably, the drug is a *1ow-so{ubiiity drug," meaning that the drug has a 

25 minimum aqueous solubifity at phystologically relevant pH {Lb., pH 1-8) of about 

0.5 mg/mL or fess. The invention finds greater utility as the aqueous soiubiJity of the 
drug decreases. Thus» compositions of the present invantion are preferred for iow- 
soiubllity drugs having an aqueous solubiiity of less than about 0;1 mg/mL, more 
preferabiy teas than about 0,05 mg/mL, and most preferably iess than about 

30 0.01 mg/mL. In general^ it may be said that the drug has a dose-to-aqueous sotubility 
ratio greater than about 10 mU and more typioaliy greater than about 100 mL, where 
the aqueous soiobility (mg/mL) is the minimum vaiue observed in any physiologically 
relevant aqueous solution {Le., pH 1 - 8), inciuding USP simulated gastric and intestinal 
buffers, and dose is in mg. Thus, a dose4o-aqueous solubility ratio may be calculated 

35 by dividing the dose (in mg) by the aqueous soiubKity (in mg/mL). 
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^12- 

PreferreGl ciasses of drugs include, but are not Bmited to, 
antihypertensives, antianxiety agents, anticlotting agents, anticonvulsants, blood 
giucose-lowering agents, decongestants, arrtihistamines, antitussives, antmeopiasttcs, 
beta blockers, antl-inflammatories, antipsychotic agents, cognitive enhancers, 

5 cholesteroi-reduoing agents, anti-atheroscferotte ager^s, antiobesity agents, 
autoimmune disorder agents, anti-Impotence agents, antibacterial and antifungal 
agents, hypnotic agents, anti-Parkinsontsm agents, anthA!zhelmer*s disease agents, 
antibiotics, anti-depressants, antiviral agents, glycogen phosphorylase inhibitors, and 
choiesteryl ester transfer protein inhibitors. 

10 As described above, in one aspect the drug has a Tg of at least about 

sac. Exemplary drugs that have a Tg of at Jaast about 5CPC are shown beiow in 
TaWe B, 



Table B 



Dry^ Name 


T,fC) 




(+)-2-(3-beozyi-4hycJroxy-chroman-7-yi)-44fSfiuoromethyl-ben20icac}^ 


53 


146 


2(Sn7<ilhvaroxv-7-mefhyi-octvt1amlde 


69 


165 ' 


Ziprasidone (5-C2-C4-{3-beFi2isothia2oly0"PJpBfazlnyl)eth^ 
chforooxindole) 


72 


224 


|R-(R*,S*)^5-ch^o^o-N42-hyciroxy-3-[{metl^oxymethylam^no)-3-DX 
^phen vimeth v^)pmpvOpf^PviM H-uido^e-2-carboxamlde 


SO 


190 


4-pi4-{2-methyiimldazol'1 -yO phanylthjo] phenyl3-3,4,B,64etrahydr*> 
2H-pyran-4'^carbQxamjde hemjfumaratB 


61 \ 


228 


[3,6-dimethyJ-2-(2.4,e4nmethyi-phenoxy>-pyf?din-4-^^^ 

amme hydroohtortde 


B7 


225 


5-Ghloro-1 H-jndote-2^carboxylic acid [{1 )4?er52yl-2-(3-hydroxy-a2stidin- 
1 -yJ)-2-oxo-6thvl]^^fnjde 


9t 


175 


S*chtora-1 H-lndoie-2-carboxyiic acid [{1 S)-benzy^-(2R)-hydroxy-3- 
((3R,4S>-dihvdroxy-pyfrof>djn-1-yi-)-3-oxypropyllamide 




238 


a-phenanthr0necarboxamide,4b,6,6,7,S,aa,9,1O-octahydro-7-'hydroxy- 
N-[(2-methy!"3«pyrldjnyf)m8thyi|-4b-(phenyirnethyl^ 
trmyoropropyl)-, {4bSJS,eaR)- 


99 \ 


225 


2-(44iuorophenyJ)-beta, delta-dihydr0xy-5-{1 -methylethyO -'3-phenyl-4- 
[(phenylamjno)carbonyg-1H-pyrrDle-1-heptaiiolc acid, calcium salt 
f2:1X trihydrate 


111 




(2{-|4-({4-chlorophenyi)phenyimethyi)-1-piperazinyl^ 
dihrochjoride 


112 




N-(1,1-dimsthyleihyl) decaibydro^2- C{2R,3R) --24iydroxy«3-C(3-hydroxy- 
a-methylbenzoyl) amino] -4- (phenylthlo) butyO --3- 
iaoquioo^mecarboxamide <3s, 4aS, BaS) -monomethanesuifonate 


116 


190 


1 -[4-6thQxy-3-'(6,7-dlhydrO'^ 1 -methyl-7-oxo-3-propy[- 1 H-pyma:olo[4,3- 
d]pvrlmtdin-5-v}>phenvlsutphony1]"4-rnethytpipera2ane 


135 


193 


3i(4-0'■{4,6''b^s(24^uomphe^ybaFban^oy1)li3-D-g^ucx>pyranolsy^^^ 
flucopvranosvt]oxy-(30,5a,2aR)''S:plrostan-12-one 


143 


250 



15 
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In another embodiment, the drugs have a tog P of greater than about 
6.5. Exemptary drugs having a Log P value of greater than about 6.5 are shown beiow 
In Tabte C. 



5 Table C 



HAME 


tog P 


1 ^f4-ethoxy-3-(6;7''djhydrQ- 1 -methyf-7-oxD-3''propy)~ 1 H'-pyfa2:oio{:4,3- 
dlpyrimld!n-6-vOphenvlsulphortyF!-4-methy§pj^ 


7,0 


[3,6-dimetn'i-2-{2.4,6"trim0thvl-ph8noxv)-pyrldin"^^ 


7.0 


2R,4S| 4-|{a,5-bls4nlluoromethyl-b0nzyO''nie1hoxycarbonyl-a^ 
!rlfluoFomethyl-3>4-d!hydro-2H-quf nollne-1 -carboxyllc acid Isopropyi estar 


7M 


[2R,4S] 4-{(3,5-b!s4rif!uoromethyKbenzyO-methoxycarbonyi-a 
triflyoromsthyi-3,4-dihy<Jro-'2HHqulrK>line-1-carboxv^ acid ethyl ester 


7.3 


[2R;4S3 4-[acety^-(3,5-bl84r^f^uoromethy^'benzyl)-amino^2^ 
trifiuoromethyf-3,4-dihydro-2H-qulnoJjn6'-1 -caFboxyfto acid Isopropyi ester 


6,0 


(2R)-S-p-(4-chlofo-3-ethyipheooxy)phenyiI[[3-(1 >1 v2,^^ 
tetraflyoroethoxy}phenYllrfiethyl]an>ino]-1 J ,14ri^ 


10,1 



METHODS FOR MAKING PARTICLES OF DRUG AND POLOXAMER 

The partiteles of drug and poloxamer ol the present Invention may be 

10 made according to any known process that results In at least a subelantia! portion, that 
is, at iea6t 75 wl% of the drug being in the amorphous state. Such processes include 
solvent and thermaf processes. In thermal processes, a moiten mixture of the low- 
solubifity drug and poioxamer fs rapidly oooied such that the molten mixture rapidiy 
solidifies, \n solvent processes, thejow-solubiiity drug and poioxamer are dissolved in 

15 a commori soivent and the solvent subsequently removed by evaporation or by mixing 
with a non-solvent 

The particles of drug and poioxamer are well-suited for fomiation by 
soivent processes. The high T^ of the solid compositions of the present invention allow 
for selection of processing condittons that lead to formation of solid materials with a 

20 minimum of phase separation of the drug from the poioxamer. By **phase separation" 
Is meant that a significant amount of the dnjg in the composition separates into 
domains ilch in amorphous drug. When phase separation does occur and drug'^rich 
domains form, choosing conditions where solvent is removed rapidly causes the 
domains to be quite smaf! - generally less than about 1 pm In size and preferably less 

25 than 200 nm In stee. For those embodiments where the T^/Tg^drug ratio is less than 
about 1.4, the reduced tendency of the drug to crystalftee allows for formation of 
particles by solvent processing wherein at ieasl a substantial portion of the drug in the 
particles fs amoqshoys. While thermal processes can be used to prepare the parttoies 
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of the present invenlion, in cases where the T^, of tha Sow-solubiiity drug is high, 
processing at high temperatures is ganeraBy less desirabie as degradation of the drug, 
the poloxamer, or both are more fikely to occur* Thus, formation of the particles via 
solvent processing is preferred. 
5 f n solvent processes, the tow-solubiiity drug and poioxamer are 

dissolved in a common solvent ^Common*' here means that the solvent which can be 
a mixture of compounds, wifl dissolve both the drug and the polymer. After both the 
drug and the polymer have been dissolved, the solvent is removed by evaporation or 
by mixing with a non-solvent Exemplary processes are spray-drying, s|>ray-coatlng 
10 (pan-coating, fluidteed bed coating* etc.), rotoevaporation* and precipitation by rapid 
mixing of the poJymer and drug soluHon with CO^, water, or some other non-sotvent. 
Preferabty, removaf of the solvent resuits in the formation of a substantfatJy 
homogeneous phase of amorphous drug In the PPO portion of the poloxamer 

Solvents suitable for soJvent processing are preferably voiatHej having a 
15 boiting point of 150^^0 or less. In addition, the solvent should hays relativeiy low toxicity 
and be removed f rom the partjoles to a ievei that is acceptabte according to The 
Internationa! Commfttee on Harmonization (iCH) guidaJines. Rernovaf of sofvent to this 
level may require a subsequent processing step such as tray drying. Preferred 
solvents include water; alcohols such as methanol, and ethanol; ketones such as 
20 acetone^ methyl ethyl ketone and methyl Iso-butyj icetone; and various other solvents' 
such as acetonitrite, methylene chloride, and tetrahydrofuran. Lower volatility solvents 
sueh-as dtrHethyl ac^tarffidsa oT13imettty!suifoxide^an*M^ be used In smaH amounts in 
mixtures with a volatile solvent Mixtures of solvents, such as 50% methanol and 50% 
acetone, can also be used, as can mixtures with watan so Jong as the polymer and 
25 drug are sufRcientfy sotuble to make the process praotlcabte. Generally, due to the 
hydrophobic nature of low-solubility drugs^ non^aqueous solvents are preferred, 
meaning that the solvent comprfses less than about 30 wt% water. 

The solvent may be removed by spray-drying. The term ^'spray-drying'' 
is used conventionaily and broadly refers to proGesses involving breaking up liquid 
30 mixtures Into smaJI dropiets (atomSzation) and rapidly removing solvent from the 
mixture in a spray-drying apparatus where there is a strong driving force for 
evaporation of solvent from the droplets. Spray-drying processes and spray-drying 
equipment are described genaraliy in Parry's Chemical Engmeers' Handbook, pages 
20-54 to 20-57 (Sixth Edition 1984). fvtore details on spray-drymg processes and 
35 equipment are reviewed by Marshall, ■'Atomization and Spray-Drying/ 50 ChBm. Eng. 
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Prog. Manogr. Series 2 (1 954), and Masters, Spray Dr^mg Handbook (Fourth EdISon 
1985). The strong driving force for solvent evaporation is generaHy provided by 
maintaining tha partlai pressure of soivanl in the spray-drytng apparatus well below the 
vapor pressure of the sofvent at Ihe temperature of the drying droplets* This is 
5 accomplished by (1) maintaining the pressure in the spray-drying apparatus at a partiaf 
vacuum (e.g., 0.01 to 0.50 atm); or (2) mixing the Squid dropJets with a wann drying 
gas; or (3) both (1) and (2), In addition, al (east a portion of the heat required for 
evaporation of solvent may be provided by heating the spray solution. 

The soivent-beafing feed, comprising the drug and the poioxamer, can 
10 be spray-dried under a wide variety of conditions and yet stifi yield particJes wfth 

accaptabie properttes. For exampie, various types of nozzfas can be used to atomize 
the spray soSution^ thereby introducmg the spray solution into the spmy-dry chamber as 
a colfection of small droplets. EssentialSy any type of nozzle may be used to spray the 
soiution as iong as the droplets thai are formed are suff icfently small that they dry 
1 5 suff icientiy (due to evaporation of soivent) that they do not stick to or coat the spray- 
drying chamber walL 

Although the maximum dropiet size variea widely as a function of the 
size, shape and flow pattern within the spray-dryer, generaily droplets should be less 
than about 5Q0\m in diameter when they exit the nozzle. Examples of types of nozzles 
20 that may be used to fomi the solid compositions include the two-fiuid no^zfe, the 
founfain-t5^e nozzle, the fiat fan-type nozzle, the pressum nozsle and the rotary 
atomi2er. In a preferred embodiment, a pressure nozzle is used, as disclosed in detail 
in commoniy assigned copending U,S, Application Ho. 10/351,568, the disclosure of 
which is incorporated herein by reference. 
25 The spray solution can be delivered to the spray nozzle or nozzles at a 

wide range of temperatures and fiow rates. Generally, the spray solutfon temperature 
can range anywhere from Just above the solvent's freezing point to about 20''C above 
its ambient pressure boiling point (by pressurizing the solution) and in some cases 
even higher. Spray soiutlon flow rates to the spray nozzSa can vary over a wide mnge 
30 depending on the type of nozzte, spray-dryer size and spray-dry conditions such as the 
Inlet temperature and flow rate of the dr^^'ing gas. Generally, the energy for evaporation 
of sofvent from the spray solution in a spray-dri'ing process comes primarily from the 
drying gas. 

The drying gas can, in prindpie, be assentialJy any gas, but for safety 
35 reasons and to minimize undesirable oxidation of the drug or other materials In the 
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solid compoastion, an Snert gas such as nitrogen, nitrogen-enriched air or argon is 
utHteed. The drying gas is typicafly jntroduced into the drying chamber at a 
tempemturo between about 60"" and about SOO^'C and praferabiy between about 80^ ^ 
and about 

5 The iarge surface-to-voiume rafto of the droplets and the large driving 

force for evapomtton of soivent leads to rapid sofidif teation times for the dropiats, 
Solidif tcatlon tlmsB should be l^s than about 20 seconds^ preferably less than about 
10 seconds^ and more preferably less than 1 second, ThSs rapid soSdifteation Is often 
critteai to the particles maintaining a uniform, homogeneous phase of amorphous drug 
10 and the PPO portion. In a preferred embodiment, the height and voiums of the spray- 
dryer are adjusted to provide sufficient time for the droplets to dry prior to Impinging on 
an interna! surface of the spray-driver, as described in detail in commonfy assigned, 
copending US, Application No, 10^53,746, the disclosure of which is incorporated 
herein by reference, 

15 FoSfovving soiidification, the sotid powder typioaily stays in the spray- 

drying chamber for about 5 to 60 seconds, further evaporating solvent from the soiid 
powder. The fina! solvent content of the particles as they exit the dryer should be low, 
since this reduces the mobiiity of the drtig moiecuies in the particiesj thereby improving 
its siabiSty. Generally, the solvent content of the particles as they leave the spray- 

20 drying chamber shouid be less than 10 wt% and preferably less than 2 wt%. Following 
formation, the particles can be dried to remove residua! solvent using suitable drying 
processes; such as tray djying, fluid bed drying, microwave drying, belt drying, rotary 
drying, vacuum drying, and other drying processes known In the art. 

in another embodiments the particles are fontied by a rotoevaporatlon 

25 process, in this process the drug and poloxamer are dissolved in a common solvent as 
dascribed above. The solvent is then removed by rotoevaporatlon to form the solid 
composition. The resufCing thick symp or soffds may then be dried on a high vacuum 
tine. The resulting soHds are preferably formed into small particles, such as by using a 
mortar and pestle or other mining processes known in the art. The particies may be 

30 sieved and dried as necessary to obtain a material with the desired properties. 

In another embodiment, the particies are formed by spraying a coating 
solution of the drug and potoxamar onto seed cores. The seed cores can be made 
from any suSabie material such as starch, microcrystaSJine ceffuSose, sugar or wax, by 
any known method, such as meft- or spray-congealfng, extrusion/spheronization, 

35 granulation, spray-drying and the like. 
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The coating solution can be sprayed onto such seed cores using coating 
a<3ulpment known In the pharmaoeuticai arts, such as pan ooaters {e.g., HhCoatar 
avaifabfe from Freund Corp. of Tokyo, Japan, Accefa-Cota avallabte from Manesty of 
Liverpooi, UK.), iMdized bed Goaters (e.g., Wister coaters or top-sprayers availabfe 
5 from Glatt Air Technologies of Ramsey, New Jersey and from Niro Pharma Systems of 
Bubendorf, Svvftzeriand) and rotary granuiators {e.g., CF-Granulator, available from 
Freund Corp)* - 

While soivent processes are preferred for formation of the parttcies of 
the present invention, thBrmal processes, moh as meft-congeal or mefl-extruslon 

]0 processes, may also be used, in such processes, a molten mixture of the tow-solubility 
drug and potoxamer is rapidly cooied such that the moften mixture rapidly so!idif les. By 
"moiten mixture" is meant a mixture comprising the iow-so!ubliity drug and poioxamer 
that is f iuid in the sense that it will f lom^ when subjected to one or more forces such as 
pressure, shear, and centrlfuga! force. This generajiy requires that the mixture be 

15 heated to a temperature at which the drug either me!ts or dissolves into the molten 
poioxamer. The {ow-solubllrty drug can exist in the molten mixture as a pure phase, as 
a solution of (ow-soSubitity drug homogeneousSy distributed throughout the moften 
mixture, or any combination of these states or those states that Be intermediate 
between them. The moiten mixture is pref erabiy substantially homogeneous so that 

20 the fow-sofubitity drug is dispersed as homogeneouaiy as possible throughout the 

moiten mkture. Preferably, the moften mixture is fonmed using an extruder, such as a 

""singfo-scraw or twin-screw extruder, both weil knownin the art, 

Generally, the pfocesslng temperature may vary from about 5CPC up to 
about 20C?C or higher, depending on the melting point of tiie low^soiubifity drug and 

25 potoxamer. However, the processing temperature should not be so high that an 
unaccepfably high level of degradation of the drug or poioxamer occurs. In some 
cases, the moften mixture shouid be formed under an inert atmosphere to prevorA 
degradation of the drug and/or poioxamer at the processing temperature. When 
relatively high temperatures are used, It is often preferable to mfrtmtee the time that the 

3Q mixture Is at the efevated tempsrature to mirnmlzB degradation. 

The moiten mixture may also comprise an excipient that wili reduce the 
melting temperature of the molten mixture, allowing processing at lower temperature. 
For example, a volatile agent thai dissolves or reduces the meiting point of the drug 
can be included in the molten mixture. ExampJary voiatile excipients include acetone, 

35 water, methanol, and ethy! acetate. When such voiatiie excipients are added the 
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excipients evaporate or are otherwise removed from the particles in the process of or 
following conversion of the motten rrjixture to a solid mixture. In such caseSj the 
processing may be consJdered to be a combination of solvant processing and melt- ' 
congealing or meft-extmston. Removal of such volatile exclpjents trom the moften 
5 mixture can be accomplished by breaking up or atomizing the moiten mixture into small 
droplets antd contacting the droplets with a fluid such that the droplets both cool and 
lose dii or part of the vofatife excipfent. 

Once the motten mixture of low-sofubility drug and pofoxamer Is formed* 
the mixture should be rapldfy solidified to form the parBcJes. By "rapidly solidified*' is 
10 meant that the moften mixture is soJidffied sufficiently fast such that substantial phase 
separation of Jhe drug and polymer does not occur. Typically, this means that the 
mfxture should be solidified in less than about 10 minutes, more preferably in less than 
about 5 minutes, and most preferabiy in less than about 1 mimie, if the mixture is not 
rapidly solidified, phase separation can occur, resulting in the formatjon of low-soJubflfty 
15 drug-rich phases having a iarge domain size of greater than one micron and 

poloxamar-rbh phases. Over time, the drug In the fovv-soiubHIty drug-rich phases can 
crystalfize. Such compositions tend not to perform as weJI as those composltfons that 
are rapidly sotidlf ied* Solidification often takes place primarily by cooling the moiten 
mixture to at least about IGTO arKl preferably at least about 30C below its melting point. ^ 
20 As mentioned above, sofidjficatJon can be additionaliy promoted by evaporation of all or 
part of one or more volatile excipients or solvents. To promote rapid cooling and 
evaporation of volatile excipients, the molten mixture Is often fomned into a high surface 
area shape such as a rod or fiber or droplets. For example, the moiten mixture can be 
forced through one or more small holes to form long thin fibers or rods or may be fed to 
25 a device, such as an atomizer such as a rotating disk, that breaks the molten mixture 
up into droplets from 1pm to 1 cm in diameter. The droplets are then contacted with a 
reiaftveiy cool fluid such as air or nftrogen to promote cooling and evaporation. 

The mean size of the particles may be less than 500|Jii in diameter, or 
fess than lOOjjn In dfameier, less than SOym in diameter or less than 25pn in diameter, 
30 When the particles are formed by spray-drying, the rasuiting partrcies may range in size 
from 1 to 100 |.im. When the solid composition is formed by other methods such by 
spray coating, rotoevaporation, evaporation, melt-congeaf, or extrusion processes, the 
resulting particles may be sieved, ground, or othemlse processed to yield a plurality of 
small particles. 
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Once the partrcles comprising the drug and poioxamer have been 
form ad, several processing operaiions can be used to faciiltata incorporation of the 
particles Into a dosage form. These processing operations Include drying, granuJation, 
and miillng, 

5 The particles may be granulated to increase their size and improve 

handling of the particfes while forming a suitable dosage form. Preferably, the average 
ske of the granuies wBf iBnge from 50 to lOOOfJTi. Such granufation processes may be 
performed before or after the composition 5s dried, as described above. Dry or wet 
granufation processes can be used for this purpose. An exampie of a dry granulation 

10 process is roHer compaction. Wet granulation processes can Jnclude so-oaUed low 
shear and high shear granuiatton, as welf as f luid bed granuiatfon. In these processes, 
a granulation fluid is mixed with the composition after the dry components have been 
blended to aid in the formation of the granulate^d compositiDn* Examples of granulation ' 
f toids include water, ethanof, fsopropy! alcohoi, n-propanof, the various isomers of 

15 butanot, and mSxtures thereof- A polymer may be added with the granulatton ftuid to 
aid in granulating the particles. Examples of suitable polymers incSude more 
pofoxamer, hydroxypropyi cellulose, hydroxyethyl celluJose, and hydroxypropy} 
methyjcellulose, 

if a wet granulation process is used^ the granulated composition is often 
20 dried prior to further processing. Examples of suitable d^ing processes to be used In 
connection with wet granulation are the same as those described above. Where the 
■^sofid composition is made by a sofvent'process, the composition can be granulated 
prior to removal of residual solvent. During the diying process, residual solvent and 
granufation fluid are concurrently removed from the composftion, 
25 Once the composition has been granulated, It may then be mtifed to 

achieve the desired particle size. Exampies of suitable processes for millfng the 
composrtfon inclifde hammer mifilng, ball milling, fluid-energy milling, roller mlBing, 
cutting milling, and other millirig processes known in the art, 

30 MIXTURES OF PARTJCLES AND CONCENTRATiON-ENHANaNG POLYMERS 
A separate embodiment of the rnvention comprises a oombinatfon of 
(1) particles comprising a low-solubility drug and a poloxamefj and (2) a concentration- 
enhancing polymer By "ooncentration-enhancing polymer is meant a polymer that, 
when combined with the particles of drug and poloxamar and administered to an 

35 aqueous environment of use, increases the concentration of the low-solubfllty drug in 
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the use environment or the bioavaHabiiity of the drug relative to the particles alone. 
"Combination'^ In reference to drug, potoxamer and concentration-enhancing potoxamer 
means that the partictes and concentration-enhandng polymer may be in physica! 
contact with each other or in close proximity but without being physically mixed at the 
3 moiecuiar level <i.e., a dispersion). The particles and concentration-enhancing polymer 
may be in different regions of the composition. For example, the partictes may be in 
the form of a muitHayer tablet, as known in the art, wherein one or mora layers 
comprises the amorphous drug and poioxamer and one or more different layers 
comprises the 'conoentratlon-enhancing po^er. Yet another example may constitute 

JO a coated tablet wherein either the particies or the concentration-enhancing poijmer or 
both may be present in the tablet core and the coating may comprise the 
concentration-enhanGing polymer. Alternativeiy, the combirmtion can be in the form of 
a simple dry ph^'sioal mixture whereSn both the partictes and the concentration- 
enhancing polymer are mixed in particulate form and v^herein the particles of each, 

15 regardless of siZB, retain the same individuaS physical properties that they exhIbSt m 
bulk. Any conventiona! method used to mix the particles and concentratlon-enhancSng 
poiymer together such as physica! mixing and dry or wet granuiation, which does not 
convert the partictes and the concentration-enhancing poiymer to molecular dispersion, 
may be used. Examples Include V-bienders, planetary mixers, vortex blenders, mlifs, ^ 

20 extruders such as twin-screen extruders and trituration processes. The ingredients can 
be combined in granulation processes utilizing mechanloal energy, such as ball mills or 
,:Toller:compactDrsr They may aiso^be combined using wet granulation methods, in 
high-shear granulators or fluid bed granylalons wherein a solvent or wetting agent is 
added to the ingredients during the granutetion process, 

25 Alternatively, the particles and concentration-enhancing polymer may be 

co-admini^ered, meaning that the particles may be administered separately from, but 
within the same genera! time frame as, the concentration-enhancing polymer. Thus, 
the particfes may, for exampfe, be administered in their own dosage form that is taken 
at approxImateSy the same time as the concentmHon-enhancing poiymer, which is in a 

30 separate dosage form . if administereci separately, \t is generally preferred to 
adminteter both the particSes and the ooncentration-enhancing polymer withirt 
SO minutes of each other, so that the two are present together in the use environment. 
When not administered approximately simyltaneouaiy {e.g., within a minute or two of 
each other), the concentration-enhancing poSymer is prefembly administered prior to 

35 the particles. 
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The amount of concentraiion-anhancmg poiymar present in the 
composftion is sufficient to provide concentration enhancement, as described beiovv. In 
general, the ratio of drug in the partteles to the concentration^enhanoing polymer may 
range from 0,01 (1 part drug to 100 parts polymer) to 100, Preferably, the drug to 
5 concentration-enhancing polymer ratb ranges from about 0,66 to about 49, and more 
preferably from about 3 to about 19, and even more preferably from about 5 to about 
IS. 

Concentration-enhancing polymers suitabie for use in the present 
invention should be pharmaceutically acceptable, and should have at least some 
10 sotubifify in aqueous soiution at physJofogfcaHy relevant pHs (e.g, 1-8). Almost any 
neutra! or ionizabie poiymer that has an aqueous-solubiifty of at (east 0.1 mg/mL over 
at least a portion of the pH range of 1-8 may be suitable, in a preferred embodiment* 
the concentration-enhancing polymer is "amphiphlllc" in nature, meaning that the 
potymer has hydrophobic and hydrophillc poflions. AmphfphilfC polymers are prBfmred 
15 because it is betieved that such potymers tend to have reiativeiy strong interactions 
with the drug and may promote tiie formation of various types of polymer/drug 
assemblies in soiytlon. 

One class of poiymers suRable for use with the present invention 
' comprises nornionis^bJe (or neutral) non-cellulosic poiymers. Exempiary poJymers 
20 Inoiude: vinyl polymem and copol>TOers having substftuents of hydroxy!, aikytecyioxy, 
or cycBcamido; polyvinyl alcohols that have at teast a portion of their mpeat units in the 
^□nhydrolyzed (vinyl acetate) form; polyvinyl alcohol polyviny^acetate copolymers; 
pofyvinyi pyrmlidone; polyoxyethylene-poiyoxypropylene copoiymers, also known as 
potoxamers; and po^ethytene pofyvinyi atcohoi copolymers. Exemplary non-celluJosic, 
25 neutral polymers include hydroxyethyt methacryJate, polyvinylhydroxyethy! ether, and 
polyethylene glycoL 

Another class of polymers suitable for use with the present invention 
comprises ionizabie non-oeflulosic pofymers. Exempiary polymers incfude: carboxylio 
acid-functfonaiized vinyl polymers, such as the carboxylic acid functionalized 
30 poJymethaoryjates and carboxylic acid functionalized polyacrySates such as the 

EUDRAGfTmnanufactyred by Rohm Tech Inc., of Maiden, Massachusetts; amine- 
functionalized polyacryfates and potymethacrylatss; proteins; and carboxyfJc acid 
f unotionafteed starches such as starch giycolate. 

Anothof class of polymers suitable for use with the present Invention 
35 comprises ionizabie and neutral ceJIulosic potymers with at feast one ester- and/or 
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ether-linked substituent in which the polymer has a degree of substitution of at ieast 0.1 
for each substltuent. Exemplary non-ionizable ceilutosto polymers inciude: 
hydroxypropyi methyi ceijutosa acetate, hydroxypropyl methyl celluloae, hydroxypropyl 
celfuloset methyl ceJIuiose, hydroxyethyi methyl celiulose, hydroxyethyi cellulose 
5 acetate, and hydroxyethy! ethy! ceilulose. Exemplary tonlzabi© celiuioslc polymers 
include: hydroxypropyl methyf ceKulose acetate sucdriate, hydroxypmpy} methyl 
cellulose succinate, hydroxipropyl oeHuiose acetate succinate, hydroxyeth^ methyl 
cellulose succinate, hydroxyethyi cellulose acetate succinate, hydroxypropyl methyl 
celtufose phthalate, hydroxyethyi methyl celiulose aoetete succinate, hydroxyethyi 
10 methy! ceflulose acetate phthafate^ cart>oxyethyi ceHuiose, carboxymethyf cellutose, 
carboKimiethylethyi celluiose, oeiluloae acetate phthaiate, methyl cellulose acetate 
phthaiate, ethyl ce«ulose acetate phthalate, hydroxypropyl ceiluiose acetate phthalate, 
hydroxypropyl methyl ceiiulose acetatB phthalate, hydroxypropyi ceiluiose acetate 
phthaiate succinate, hydroxypropyl methy! ceiiulose acetate succinate phthatate, 
15 hydroxypropyl methyi ceiiulose succinate phthaiate, ceiluiose propionate phthalate, 
hydroxypropyl cellulose butyrafe phthalate, ceiiulose acetate trimellitata, methyi 
cellulose acetate trimalHtate, ethyl ceiiulose acetate trimeHftate, hydroxypropyi cellulose 
acetate trimelJitate^ hydroxypropyi methyi ceiiulose acetate trimeliitate, hydroxypropyl 
cellulose acetate trtmeBitate sucx:inate, cellulose propionate trimefiitate, ceiluiose 
20 butyrate trlmeHitale. ceiiulose acetate terephthaiate, cellulose acetate isophthalate, ^ " 
cellulose acetate pyridinedicarboxyfate, saficyWc add cellulose acetate, hydroxypfopyi 
- s^alicyilcactd celiuloise-aoetate, ethylbenzofe-^acld "cellulose acetate', hydroxypropyl 
©thylberizofc acid cellufose acetate, ethyl phlhalic acid cellulose acetate, ethyl nicotinic 
acid cellufose acetate, and ethyl picoijnic acid cellulose acetate. 
25 While specific polymers have been discussed as being suitable for use 

in the cDmposltions of the present Invention, blends of such polymers may also be 
suitable. Thus the term '^polymer** is Intended to include blends of polymers in addition 
to a single species of polymer. 

Preferably, the concentration-enhancing poiymer is selected from the 
30 group consjsting of hydroxypropyi methyl ceiiulose acatats succinate, hydroxypropyl 
methyl ceiiulose phthalate, ceffufose acetate phthaiate, cefiulose acetate trimeHaate, 
carboxymethyt ethyfceliulose, and mixtures thereof. 
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COrviCENTRATION ENHANCEMENT 
Th© solid compositions of the present Invantion are concentration* 
enhancing. The fsftn **concentfation-anhancing" means that the poioxamar is present 
in a stifficient amount in the composition so as to tmprova the oonoontration of the drug 
5 in a use environment relative to a control composition. As used herein, a "use 
envimnnfTenf* can be either the in vivo environment of the G! tract, subdermal, 
intranasal, buccaf, fntrathecaf, ocufar, intraaural, subcutaneous spaces, vaginaf tract, 
arterial and venous biood vessels, pulmonary tract or intramuscufar tissue of an animal, 
such as a mammal and particularly a human, or the in vitro environment ot a test 
10 solution, such as phosphate buffered saline (PBS) or a Model Fasted Duodenal (MFD) 
solution. Concentration enhancement may be detennined through either in vitto 
dissolution tests or through in vivo tests, tt has been determined that enhanced drug 
concanirailon m in vitro dissolution tests In Model Fasted Duodenal {MFD) soiution or 
Phosphate Bi^fered Saline (PBS) is a good jndfcator of in vim performance and 
15 bloavailabitity. An appropriate PBS soiution is an aqueous soiution comprising 20 mJVt 
sodium phosphate (NagHPO^), 47 mM potassium phosphate (KHgP04), 87 mM NaCf, 
and 0.2 mM KCf, adjusted to pH 6.6 with fstaOH. An appropriate MFD solution Is the 
same PBS soiutton wherein addittonaliy is present 7.3 mM sodium taurochofic acid and 
1.4 mM of l-pafmttoyt-a-oleyl-sn-glycero-S'phosphochotlna. in particuiar, a 
20 composifton of the present inventfon may be disso}ut}on4ested by adding ft to MFD or 
PBS solution and agftating to promote dissofution. 

one aspect, a composHton of the present invention, when dosed to an 
aqueous use environment, provides a maximum drug concentration (MDC) that Is at 
(east 1 .25-f ofd that of the MDC provided by a control composition. In other words, if the 
25 MDC provided by the control composition is 1 00 Mg/mL, then a composition of the 
present Invention containing a poloxamer provides an MDC of at least 125 gg/mt. 
Preferably, the MDC of drug pmvided by the composStions of the present inventicm is at 
ieast 24o!d, more preferabty at ieast 3-foid, and even more preferably at least S-fofd 
that of the controi composition, 
30 Whan the composition comprises partteles of a low-aoiubUity drug and a 

poioxamer, the control composition is the undispersed drug alone (e.g., the crystalline 
drug aione in its most thermodynamlcaiiy stable crystalline form, or in eases where a 
cri'staf!ine fomi of the 6rug is unknown, the control may be the amorphous drug afone) 
or the drug plus a weight of inert difuent equtvaSent to the weight of potoxamer in the 
33 test composition. By "inert" is meant that the diluent is not concentration-enhancing. 
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When the compDSition composes a combination of (1) partfeies 
comprisfug a tow^soiubUity drug and a potoxamer, and (2) a concentfation-enhancing 
pofymer, the contro} Gomposltion m the particles alona or the particles plus a weight of 
inert diluent equivalent to the weight of concentration-enhancing pofymer In the test 
5 composition, 

Aftemativeiy, the compositions of the pr^ent invention provide in an 
aqueous use environment a concentratton versus tJme Area Under the Curve (AUC), 
for any period of at least 90 mintSes between the time of introduction into the use 
environment and about 270 minutes following introduction to the use environment that 

10 fs at {east 1 ,25-foid that of the controJ composition. Mom preferabJy, the AUC In the 
aqueous use environment achieved w^fth the oomposittons of the present invention are 
at least 2-fold, more preferably at feast 34old, and most preferably at least S-fold that of 
a controJ compositlon. 

Aflernativeiy, the compositions of the present Invention, when dosed 

15 oratly to a human or other animal, provide an AUC \n drug concentration in the bSood 
plasma or serum that Is at least 1 .254otd that observed when an appropdate control 
compositfon is dosed. Preferafaiy, the blood AUC is at feast about praferabiy at 
ieast about 3-fo!d, even more pref erabiy at least about 4«fold5 stfli more preferably at 
least about 6-fotd, yet more preferably at least about lO-foid, and most preferably at 

20 least about 20"foid that of the contro! composftloa Such compositions may aiso be " 
said to have a relative bioavaifability of from about 1 .25-fold to about 20«fofd that of the 
ncJontrol^compiositjon;^-Thusrti^i3ompositions t evaluated, meet either the in 

vitro Of in \m/o or both performance criteria are deemed to be withrn the scope of this 
invention* 

23 Aiternatfvaiy, the compositions of the present inventton, when dosed 

orally to a human or other animat, provide a maximum drug concentration in the blood 
pfasma or serum (Cma>) that is at least 1,25-foid that observed whan an appropriate 
contro! oomposltion is dosed. Preferably, the biood Cfna^c at ieast about 24o}d, more 
preferably at teast about 34oid, even more preiarabiy at ieast about 44old, still mora 

30 preferably at feast about 6-fold, yet more praferabiy at least about 10-fo!d, and most 
preferabiy at least about 204old that of the control composition, 

A typicai in vitro test to avaiuate enhanced drug concentration can be 
conducted by (1) Introducing with agitation a sufficient quantity of test composftion (that 
is, the partfcies of the low-solubiiity drug and poloxamer) to a test medium, such that if 

35 all of the drug dissolved^ the theoretical concentration of drug would exceed the 
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equlbrium concentration of the dmg by a factor of at least 2; (2) in a separaie test, 
adding an appropriate amount of contro! composition to an equivalent amount of test 
medium; and (3) determining whether the measured MDC and/or AUG of the test 
composition in the te^ medium is at least 1,25-foid that provided by the control 
5 composition, fn conducting such a dissolution last, the amount of test composttJon or 
control oompositron used is preferably an amount such that if aJ! of the drug dissolved, 
the drug concentration wouJd be at least 2-fofd, more preferably at least 10-fofd, and 
most preferably at least 100-fold that of the solubility (that is» the equHibrtum 
conoentration) of the drug. For some test compositbns of a very low-solubUity drug 

10 and poioxamer, It may be necessary to admrnister an even greater amount of the test 
composition to detemiine the MDC. 

The concentration of dissolved drug is typioaliy measured as a function 
of t*me by sampling the test madium and piotting drug concentration in the test medium 
vs. time so that the MDC and/or AUG can be ascertained. The MDC is taken to be the 

15 maximum value of dissolved drug measured over the duration of the test. The 

aqueous AUC is caiouiated by integrating the concentration versus time curve over any 
go-minute time perfod between the time of introduction of the oomposifion into the 
aqueous use environment (when time equals zero) and 270 minutes following 
introduction to the use environment (when time equals 270 minutes). Typically, when 

20 the composftfon reaches Its MDC rapidfy, In say iesa than about 30 minutes, the time 
interval used to calculate AUC is from t^e equate 2:ero to time equate 90 minutes* 
However, if the AUC of a composition over any 90-minote time period described above 
meets the criterion of this invention, then the composition formed is considered to be 
within the scope of this invention. 

25 To avoid drug particulates that would give an erroneous detemrtination, 

the test solution Is either filtered or centrifuged. *'Dissoived drug" is typically taken as 
that materia} that either passes a 0.45j.m syringB filter or, alternatively, the material that 
remains in the supernatant foflowlng centrifugation. Filtration can be conducted using a 
13 mm, 0.45}Jn polyvinyHdine difluorSde syringe filter so!d by Scientific Resources un^er 

30 the trademark TITAl® Cenirifygation is typically carried out in a polypropylene 

microcentrifyge tube by centrifuging at 13,000 G for 50 seconds. Other simiiar fiftmtion 
or centrifugation methods can be empioyed and useful results obtained. For example, 
using other types of microfilters may yield values somewhat higher or lower po-40%) 
than that obfafned with the filter specified above but wHi still allow identification of 

35 preferred dispersions. !t is recognized that this definition of Mfesotved drug" 
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encompasses not only monomertc soSvated drug motecuies but also a wide range of 
species such as poiymer/drug assembiies that have submicron dimensions such as 
<irug aggregates, aggregates of mfxtures of polymer and drug, miceaes, poSymenc 
mfeelles, coilotdaf partictes or nanocrystafs, potymer/drug complexes, and other such 
5 drug-oontaining species that are present in the flttrate or supernatant in the spectfted 
dlssolutfon test. 

Alternatively, the compositions of the present invention, when dosed 
Ofalty to a human or other animal, results In improved bioavajiabiifty or an enhanced 
Cmajc* The relative bioavaiiabilfty and Cmax of drugs in the compositions can be tasted in 
10 vivo in animals or humans using oonventionaJ methods for making such a 

detemi [nation. An in v^Vo test, such as a crossover study, may be used to determine 
whether a composition of drug and poioxamer provides an enhanced reiative 
bioavafSabiitty or Cm^^K compared with a control composition as described above. In an 
in vivo crossover study a test composjtfon comprising a fow-sojubilfty drug and 
15 polcxamer Is dosed to half a group of test subjects and, after an appropriate washout 
period (e^g., one week) the same subjects are dosed with a control composition that 
consists of an equivalent quantfty of crystalline drug as the test composition (but with 
no poioxamer present). The other haff of the group is dosed with the control 
composition first, f oiiowed by the test composition* The relative bioavaitability Is 
20 measured as the ooncentration of drug In the blood (serum or plasma) versus time area 
under the curve (AUC) detemiined for the test group divided by the AUG in the btood 
provlded'-byihe'control-'composltionr --Preferably; this test/control ratio ts-defermfned for 
each subject, and then the ratios are averaged over all subjects in the study* Likewise, 
the Cmm may be determined from the concentration of drug in the blood versus time for 
25 the test group divided by that provided by the control composftfon* fn vivo 
detemninatbns of Cmax and AUC can be made by plotting the serum or plasma 
concentration of drug along the ordinate (y-axis) against time along the abscissa 
(x-axis). To facliitate dosing> a dosing vehicle may be used to administer the dose. 
The dosing vehiote is preferably water, but may also contain materials for suspending 
30 the test or control composition, provided these materiais do not dissolve the 

composition or change the drug soSubiilty in viva The determination of C^^^ and AUCs 
fs a well-known procedure and is described, for example, in Weliing, 'Pharmacokinetics 
Processes and Mathematics/ ACS Monograph 18S (1986), 
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EXCtPIENTS AND DOSAGE FORMS 
Other convemiona! formulation exciplents may be employed in the 
compositions of this rnvantion» including thoso axclpients well-known in the art, e.g., m 
described in Remin^on: The Science and Prmctfce of Pharmacy {20^^ ed., 2000). 
5 Generally, excipients such as f ilfers, disintegrating agents, pigments, binders, 

lubrJcantSy gildants, flavorants, and so forth may be used for customary purposes and 
in typical amounts without adversefy affecting the properties of the composftions. 
These excipients may be utiiized after the drug/polymer composition has been formed, 
in order to formulate the composition into tablets, capsules, suppositories, 
10 suspensionSt powders for suspension, creams, transdermal patches, depots, and the 



The composttions of the present invention may be deiiverad by a wide 
variety of routes, tncludiog, but not limited to, oral, nasa!, recta!, vaginal, subcutaneous^ 
intravenous and pulmonary. Generally, oraf deitvery is preferred- 

15 The compositions of the present invention may be fomiulated in various 

forms such that Ihey are delivered as a suspension of particles in a liquid vehicle. 
Such suspensions may be formulated as a iiqufd or paste at the time of manufaclure, 
or they may be formulated as a dry powder with a liquid, typicafly water, added at a 
later time but prior to oral administration- Such powders that are constituted into a 

20 suspension are often termed sachets or oral powder for constitution (OPC) 

formulations. Such dosage forms can be fomntuiated and reconstituted via any Icnown 
-procedure: The simpfest approach Is to formuiate the^^dosage fonm-^s-a dry powder 
that is reconstituted by simply adding water and agitating. Altemat*ve!y,^the dosage 
form may be formulated as a liquid and a dry powder that are combined and agitated to 

25 form the oral suspension, in yet another embodiment the dosage form can be 

formulated as two powders that are reconstituted by first adding water to one powder to 
fomi a sofution to which the second powder Is combined with agitation to form the 
suspension. 

Generaily, it is preferred that the dispersion of drug be fomrtulated for 
30 long-term storage in the dry state as this promotes the chemtoa! and physical stability 
of the drug. 

Other features and embodiments of the invention will become apparent 
from the following examples that are given for iflustration of the invention rather than for 
limiting its intended scope. 
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EXAMPLES 



Exai-npies 1-2 

Solid compositrons were formed with the glycogen phosphorylase 
5 inhibitor S-chJoro-1 H-indote-2-oarboxyiic acid [{1 S)-benEyl-(2R)-hydroxy-3-({3R,4S)- 
dihydroxy-pyrroltdin-1^yl4-3"Oxypropygamide f Drug 1'% This compound has a Log P 
vafue of about 2.3; a Tg,c^ of 1 13*^C at ambient RH, and a Tm of thus, the 

Tw/Tg^rug ratio {m K/K) for this drug is 1 .27, The aqueous sofubiKty of Drug 1 is about 
SOj^mt. Example 1 contained 30 m% Drug 1 and 70 wt% poloxamer407 
10 (PLURONIC F127, avaSabfe from BASF Corporallon, Mount Olive, New Jersey) and 
Example 2 contained 30 w4% Drug 1 and 70 wt% poloxamer 338 (PLURONJC Ft 08, 
avaiiabie from BASF Corporation). 

A rotoevaporation process was used to form the solid compositions as 
follows. Ffrst/0,3 g of Drug 1 and 0.7 g of poloxamer were added to 16 mL methano} in 
15 a round-bottom fiasK and stirred at room temperature untii a ofear sofutron was 

obtained. Next, the methanol was removed from the soiution under vacuum (!ess than 
about 0,1 atm), white rotating the flask in a 40^C bath. The resuiUng solid com position 
was dried ynder vacuum for about 3 houi^ at room temperature. The dried materia} 
was then removed from the flask, chilled in liquid nitrogen, and ground with a moitar ' 
20 and pestfe. 

The solid compositions of Examples 1-2 ware exammed to evaluate 
'drug clysta^^^ ©xamiriedlising PXRD with' a Bruker AXS D8 

Advance diffractometer. Samples {approximateiy 100 mg) were packed in Lucite 
sample cups fitted with 81(51 1 ) plates as the boUom of the cup to give no background 

25 signaf. Samples were spun in the <^ plane at a rate of 30 fpm to minimize crystal 

orientation effects. The x-ray source (KCu^, X - 1 ,54j^ was operated at a voltage of 45 
kV and a current of 40 mA, Data for each sample were coBected over a period of 27 
minutes in continuous detector scan mode at a scan speed of 1 .8 seconds/step and a 
step size of 0.04^/step. DSffractograms were coliected over the 28 range of 4^ to 30*", 

30 and showed no indication of crystaftine drug— that is the amount of drug in orysiallmB 
form was tess than the detection limit for the anaiysis (about 5 wt%). Thus, the daig in 
the composition was ''almost completely amorphous." 

The soiid compDsjtions of Examples 1 - 2 were evaluated In an m i^Mro 
dissolution test to ascertain concentration enhancement of Drug 1, A 12.0 mg sample 

33 of each solid composiiSon was added in duplicate to a microcentrifuge tube, so that the 
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totai concentratton of Drug 1 would have been 2000 {xg/mL if aH of the drug had 
dissoived. The tubes ware pfacad in a ST'^C tamperature-controllad chamber, and 
1*8 mt PBS containing 0.5 wt% sodium taurocholfc acid and 1-palmftoy!-2-oiayl*sn- 
giycero-S-'phosphochoSne (NaTC/POPC, with a 4/1 weight ratio) at pH 6.5 and 
5 290 mOsm/kg (simulating a Model Fasted Duodena! solution) was added to each 
respective tube. The sampies were quickly mixed using a vortex mixer for about 
60 seconds. The sampies were cantrSfuged at 13.000 6 at 37°C for t minute. The 
resulting supernatant solution was then sampled and diluted 1:6 (by volume) with 
methanol and then ana^zed by hSgh-parformance liquid chromatography <HPLC). The 

10 contents of each respective tube were mixed on a vortex mixer and allowed to stand 
undisturbed at 37^C until the next sample was taken. Sampies were collected at 4, 10, 
20, 40, 90, and 1200 minutes. 

As a contro! (C1), a sampfe of crystaliine Drug 1 aione was tested in the 
same manner so that the concentration of Drug 1 in MFD soiiAlon would have been 

15 2000 p.g/mL if aii of the drug had dissoived. The results from the dissoiutlon tests of 
Exampfes 1-2 and CI are shown in Table 1. 
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Table 1 



Exampie 


(min) 

1 I'l iw npi III 1 iiii vn — rmvinTi — j^tt 


Drug 1 
Concentration 


AUC j 


1 


0 


0 


h 1 


4 


1913 




10 


1916 


1 ^ "^OO 1 


20 






40 




70 onn 1 


on 




171 Ann § 






p 070 Ann 1 


2 








A 






in 






on 






40 






90 


2021 


177,100 1 


1200 


1079 


1,897,600 


C1 


0 j 


0 


^ . ..0 J 


4 


204 


400 1 


10 . 


227 


1700 1 


20 


243 


4100 1 


40 


250 


9000 I 


90 


255 


21.600 1 


. 1200 


244 . 


299.000 i 



The concentrations of drug obtained in these sampies were used to 
determtn© the maxfmum drug concentration f MDCW} and the area under the 
5 ooncentFattort-versus-time curve ^NdG^) during the initial 90 minutes. The results are 
shown in Table 2* 



Tabie 2 



1 Exampte 


Drug 1 Cone, 
in Composittort i 
{wt%A) 1 


Dissoiutton 
Media 


MDC90 
(f.ig/mL) 


AUCgo 1 

(mfn*^g/mL} 




30 


MFD 


1986 


171,000 


2 


30 




2034 


177,100 _| 


CI 

1 (crystaUfne Drug 
1. ... 1 aiorje) | 


100 


MFD 


256 


21,600 



10 As can be seen from the data, the solid compositions of the present 

invention provided concentration enhancement relative to crystaSilne drug afone. 
Example 1 provided an IVSDC^ that was 7,8-fold that of the orystailina control, and an 
AUCao t^^^t was that of the Cfystaliine control Example 2 provided an MDCso 
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that was 8.0-fold that of the crystaflina contro!, and an AUCso was 8-24o!d that of the 
crystafltne control 

Examples 3-4 

5 SoJid composittons were formed with the giucooortoid receptor 

antagonist 2-phenanthrsnecarboxamkJ8,4b,53.73*Sa,9,10^^^^ 
methyJ-3-pyridiny!)m©thyIHbHph6ny!methy!)"7-(3,3,3 (4bS,7S,8aR)"' 
f Drug 2"). This drug has a Log P vaSue of about 6.2; a Tg,^j^g of 99*C at 0% RH, and a 
of 225^C; thus, the Tm%^m ^^^^^ K/K) for Drug 2 is 1 .34. Drug 2 has an 
10 aqueous soiubBfty of iess than 1 j-Q^nL The soSd compositfons were prepared ustng 
the rotoevaporation procedure de^rtoed for Exampies 1 and 2. Exafl^1p^e 3 contained 
30 m% Drug 2 and 70 wt% poloxamer 407 (PLURONIC F127, bASF Corporatton), and 
Example 4 contained 30 wt% Drug 2 and 70 wt% pofoxamer 338 (PLURONIC F108» 
BASF Corporation). 

15 The soiid oomposidons of Examples 3 « 4 ware examined usmg PXRD to 

evafuate drug orystalfinity as described in Examples 1 - 2> The results demonstrated 
that Drug 2 in the sofid compositions of Examples 3 - 4 was almost oompletejy 
amorphous, with no detectibje amounts of crystaiiine Drug 2. 

Examples 3-4 were tested by In vitro dissofutfon tests to ascertain 

20 concentratfon enhanoement of Dmg 2 as in Exampies 1 - 2, except that a sufficient 
amount of material added to the Model Fasted Duodenal solution to obtain a drug 
concentration of 200 fig/mL if atf of the drug dissolved. As a controi (C2), crystalline 
Drug 2 atone was used. The resuits from these tests are shown in Tabie 3, 
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Table 3 
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Drug 2 


AUG 
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Concentration 
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80O 


20 


89 


1S00 


40 


86 


3700 i 


90 


54 


7200 ] 


1200 


2 


38,700 1 


1 ^ 

1 


0 


0 


0 


4 


106 


200 


ib n 


110 


900 


20 


92 


1900 


40 


93 


3700 


90 


83 


8100 


' 1200 


4 


56,600 


1 C2 , 


, 0 


0 


0 . 


4 


1 


0 . 


10 


1 


0 


20 


0 


0 1 


40 


0 


0 i 


90 


1 


100 . [ 


1200 J 


5 


3400 



The concentrations of drug obtained in these samptes were used to - 
determine the and the AUCbo during the fnitia! 90 minutes. The results are 
5 ^h0wn4n'Tabie"4.- — — - 



Table 4 



1 Example 


Drug 2 Cone, in 
Composition 
fwt%A) 


Dissotutjon 
Media 


(jig/mL) 


(min*ug/mL) j 


I ^ 


30 


MFD 


113 


7200 1 


i 4 


30 


MFD 


110 


8100 i 


1 ^2 

1 {crystaSline 
1 Drug 2 
1 aione) 




MFD 


1 


100 j 



As can be seen from the data, the solid compositions of the invention 
1 0 provided concentration enhancement over that of crystaiiine drug. The soiid 

composition of Exampfe 3 piovided an MDC90 that was 1 13-fojd that of the crystaliSne 
control, and an AUC90 that was 72-fo!d that of the crystafflne control. The soild 
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composition of Example 4 provided an MDC^o that was 1 10-foid that of the crystailfne 
control, and an AUC90 that was 81 -fold that of the crystalilne control 

Exampies 5 8 

5 Solid composftions were fomied with the retroviral protease inhibitor N- 

(1 , 1-dimathyl@thy}) decahydro-2-5:(2R,3B)-2-ihydroxy-3H<3-hydroxy-2- 
rnethyfbanzoyOamino|-4*(phenylthio)butyi|-3-}soqo{noHn©eart^^ (3s, 4aS, 8aS) 

-Htionomethanesuifonat©, also known as nelfinavir mesylate or VJRACEPT^ TDrug 3**). 
This drug has a Log P value of about 4.1 ; a Tg^^^ti^g of 119''C at 0% RH and a of 
10 19CPC; thus the Tft/Tg^og ratio (In K/K) is 1,18. The aqueous soiubiJity for Drug 3 Is 
about 6jjg/mL. The solid compositions were made containing 50 wt% Drug 3 and 
various pofoxamers as in Exampies 1 - 2, The materiais used to prepare the solid 
compositions are summarrzed in TaWe 5. 



15 Table 5 



1 Example 


Drug 3 Mass 


PoJoxamer* 


Poloxamer 
Mass (g) 


Methanol (mL) 


5 




Potoxamef 407 
(PLURONtC F-127) 


0.2597 


10 


6 


0.1046 


PoJoxamer 237 

(PLURONtC F-87) 


0.1045 


10 


1 


0.1070 


Potoxamer 188 
(PLURONIC F-68) 


0.1071 


10 


M 


0,1142 


Poloxamer 338 
(PLURONIC F-108) : 


0.1139 


10 


1 *PLUROh 


fJC materials obtained from BASF Corporation 



The solid compositfon of Example 6 was examined using PXRD to 
evaiuata drug crystatiinity aa in Examples 1 - 2. The resuits demonstrated that Drug 3 
in the solid composition of Example 5 was afmost completely amorphous, with no 

20 disoernabie peaks for orystailine Drug 3, The solid composition of Exampie S was 
stored for three weeks in a controSed atmosphere of 4{FG and 75% RH and showed no 
evidence of drug crystaliSzation. 

Examples 5-8 were tested in in vitro dissolution tests to ascertain 
concentration enhancement of Drug 3 as in ExampJes 1 - 2, except that the dissolution 

25 medium was PBS, and a sufficjent quantity of the solid composition was added so tiiat 
the concentration of Drug 3 would have been 1000 p.g/mL if ali of the drug had 
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dissolved. Cri^tatline Drug 3 alone (C3) was also tested as a control The resuits are 
shown in Table 6. 



Table 6 





Tims 


Drug 3 


1.1,^11 pwi wii ■ ■ii.imilll 

AUG 


Example 


(min) 


Concentration 


{min*jig/mL) 






iMBf^^l J 






0 


0 1 


0 ; 


4 


161 


300 1 


10 


143 


1200 


20 


161 




40 


202 


6400 1 




262 


18,CX)0 


1200 


624 


510,000 1 




0 


0 


0 


4 


271 


500 


10 


299 


2300 ^ 


20 


282 


5200 


40 


305 


1 1 ,000 


90 


308 


26,300 


1200 


469 


457,900 


1 


0 


0 


0 , 


4 


41 


100 * 


10 


39 


300 


20 


48 


800 


40 


70 


1900 ? 


90 


96 


6100 


1200 


2^ 


225,000 


f., .. - 


0 


0 


0 


A 
*r 




400 


10 


209 


1600 


1 20 


233 


3800 


40 


301 


9100 


90 


273 


23,500 


1200 


720 


574,700 


1 C3 


0 


0 


0 


4 


5 


0 


10 


5 


0 


20 


6 


100 


40 


6 


200 1 


90 


4 


400 1 


1200 


5 


5100 



5 

The concentratSons of drug obtained in these smnptes were used to 
determine the MDC90 and the AUC90 during the initial 90 minutes. The resuJis are 



shown m Tabi© 7. 
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TabSe 7 



i 


Drug 3 Cone, in 


Dissolution 




AUC90 1 


1 Example 


Composition 










{wi%A) 




1 5 


50 


"PBS" 1 




18,000 


1 6 


60 


PBS 




26,300 \ 


1 ' 


* 50 


PBS 1 


^ 96 i 


6,100 1 


I ^ \ 


50 


PBS i 


301 


23.500 






PBS 


6 


400 


1 (crystaUine Datg 3) 











As can be seen from the data, the solid compositions of the invention 
provided concentration er^hance^ment over that of cry^alHne drug* The boM 
5 compositions of Example 5 - 8 provided MlDQiD values that were 16*0* to 51 .3*foid that 
of the crystaHrne controf, and AUC^o valuer that were 15,3- to 65,8-foJd that of the 
crystailme control 



Exampie 9 

10 A solid oomposidon of 60 wt% Drug 3 and 50 wt% poloxamar 407 

(PLUROMiC F127) was prepared by a spray-drying process. A spray solution was 
formed by dissolving 500.1 mg of Drug 3 and 499.8 mg of PLURONiC F127 Into 35 mL 
of acetone. The solution was pumped into a "mini" apray-drylng apparatus via a Cole 
Parmer 74800 series rate-controliing syringe pump at a rate of 30 mL/hr. The spray 

15 solution was atomized through a Spraying Systems Co. two-fluid nozzle, Modute 

No. SUt A using a heated stream of nitrogen (80^0). The spray solution was sprayed 
Into an 1 1-cm diameter stainless steel chamber. The resulting solid composition waa 
coileoted on fitter paper^ dried under vacuum, and stored In a desiccator. The 
dispersion was analyzed by PXRD as previously described and no peaks 

20 corresponding to crystafiine Drug 3 were observed. 

The solid composition of Example 9 was tested in an in v/fro dissolution 
test to demonstrate concentration enhancement of Drug 3 as in Examples 5-8. The 
results are shown in Table 8. 
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Table 8 





Time 


Drug 3 


< AUG j 


1 Example 


(mtn) 


Concentration 


<min*}jig/mL) | 








1 


1 


0 


0 


~0 j 


4 


225 


450 1 


10 


210 


1,750 i 


20 


205 


3.820 i 


40 


165 


7,530 i 


90 


200 


16,700 


1200 


700 


516,000 1 



The concentrations of drug obtained In these samples were used to 
determine the MDCm and the AUC30 during the initial 90 minutes. The resutte are 
5 shown in Table 9, along with the results of crystalHne control C3 for comparison. 

Table 9 



1 Exampfe 


Drug 3 Cone, m 
Composition 
{wt%A> 


Oissoiution 
Media 


(p,g/mL) 


AUC90 




50 


PBS 


225 




C3 

1 (crystaHine Drug 3) 




PBS 


6 


400 



As can be seen from the data, the solid composition of Example 9 
provided concentration enhancement over that of crystalline drug. The value 
10 was 37.54otd that of the oo^statline control, and the AUCm value was 41 ,74o!d that of 
the crystalHne controi. 



Comparative Examples C4 and C5 
These Examples demonstrates that forming particles of a fow-solubility 
15 drug having a low Tg value and a high Tn/Tg^drug ^^^^ ^ poioxamer results in 

crystalline drug in the solid composition. A formulation was prepared using the drug 
nifedipine. Nifedipine has a Log P value of about 2,4, a Tg^mg of 46°C at ambient RH, 
and a T^ of 175*^0; thus, the TJT^ ratio (m^m ) for nifedipine was 1 ,40. Comparative 
Example C4 contained 50 wt% nifedipine and SO wt% poioxamer 407 (PLURONIC 
20 F127, BASF Corporation), and Comparative Exampie C5 contained 25 wl% nifedipine 
and 75 wt% poioxamer 407 (PLURONIC F127, BASF Corporation). 

Formulations were prepared using the procedures outlined in European 
Patent No. EP0836475B1 , as follows. The desired amount of poioxamer 407 was 
weighed into a glass vial and then stirred and heated to SO^^C until the poioxamer 
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melted. Next, the appropriate amount of nffodlplne was graduafly added, and the 
mixture stirred at 80*^0 for 2 hours. The resulting mixtures were cooied to room 
temperature, removed from the vJaf, chilted In liquid nitrogen, ar^d ground with a mortar 
and pestie. The resuiting materials were analyzed by PXRD using the procedures 
5 described above. The diffractograms for both Comparative Examptes C4 and C5 
showed siw^rp peaks corresportding to crystallirie drug, indicating that at feast about 
50 vid% of the drug was in the crystalline form. 

Examples 10-13 

10 Sotfd composWons of [2R,4S] 4-:[{3»S-bfs-trff}uoromethyl-benzyi)* 

methoxycarbonyl-amino|-2-athyl-64rifluoromethyf-3,4-dfhydro-2H-q 
carboxylic acid ethyl ester, aiso known as Torcetrapib C^Drug 4") and the potoxamers 
PLURONiC F-127 and PLURONIC (both suppijed by BASF) were prepared by a 

melt-congeal process using the foltowfng procedure. Drug 4 has a Log P value of 

15 about 7,5, a T^ of about 28''C at ambient relative humidity and a of about 95^C; 
thus, the T^,fTg ratio (In ""WK) m 1 .2. For each example, the amount of Drug 4 and 
poioxamer given m Table 10 were accuratafy weighed and placed into a container. 
The container was then placed In a hot oW bath maintained at lOS^'C. After about 
15 minutes, the mixiura had melted, and was stirred using a magnetic stirrer for about 

20 15 minutes. The motten mixture was transparent, vi/ith no apparent colon Next, the 
container containing the molten mixture was removed from the hot oil bath and placed 
into liquid nttrcj^gen^ resulting in soitdif Ication of the molten mixture within a few seconds. 
Tlie container was removed from the iiquid nitrogen after about 60 seconds and 
aitowed to warm to ambient temperature. ThB resulting opaque solid amorphous 

25 compositton was then removed from the container using a spatula and broken into 
smaif pieces about 1 mm thici<. The pieces were then placed Into a mortar with some 
liquid nitrogen and ground into a white powder v^vath a pesfie. 
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Table 10 







Drug 




ni [[....•HI L.-LLULI^ J«;i««; 

• 


1 


of Drug in 


Mass 


Poloxamer 


Poivmar Mass 1 


Exampie 


Polymer (wt%) 


(g) 




(g) 


10 ) 


10 


0J003 


Piuronic F-127 


0,8999 


11 


25 1 


0.2499 


PfuronteF-127 


0.7502 


j 12 


40 


0,4020 


PturonicF-127 


0.6002 


13 . 


25 


0,2494 


PluronjcF-108 


0.7494 



5 , The soBd composflions of Examptes 10 - 13 were evaluated In an h vitro 

dissolution test as In Examples 1 - 2, except that the dissolution medium was PBS> 
The amount of each composition added to the mbrocentrifuga tube was adjusted ao 
that the concentration of Drug 4 in solution if all of the drug had dissolved was 
lOOOfjg^mL. The results of these tests are presented in Table 1 1 - 
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TaWe tt 



Exampie 


Time 
(min) 


Drug 4 
Concentration 


AUC 
(mfn-uq/mL) | 


10 


0 




0 i 


4 


930 


1,900 1 


10 


899 


7,300 i 


20 


856 


16,100 1 




806 


32300 1 


go 


715 


70,800 


1200 


385 


681 ,700 


11 


0 


0 


0 


4 


699 


1,400 


10 ^ 


653 


5,600 1 


20 


594 


11,700 1 








23J00 1 




438 


47,900 1 


1200 


184 


392,800 1 


12 


0 


0 


0 1 


4 


264 


500 1 


10 


263 


2i100 




224 


4,500 1 


40 


229 


9,000 1 


90 


180 


19,200 J 


1200 


90 


163,100 1 


-13 


0 


0 


0 1 


4 


S42 


1,100 


10 


496 


4,200 1 


20 


459 


[ 9,000 j 


40 


397 


I 17,500 1 


90 


318 


35*400 1 


1200 


. 66 


248,800 I 


Control C6 
1 (Crystatlifis 
Drug 4) 


0 


0 


0 1 


4 


<1 


1 <2 j 


1 10 


<1 


<8 1 


20 ■ 


<1 


<18 1 


40 


^ <1 


[ <3S 1 


90 


r <i i <88 1 


1200 


<1 j <1,200 1 



5 The results are summarized fn Table 12, which also includea the data for 

co^talfine Drug 4 aSone (Control C6)* which was tested under the same conditions. 
The resoSts show that the Cmsx.&o values of the oompositiorts ol Examples 10^13 were 
greater llian 2624 old to 930-fold that of the ory^taNine drug alone, and AUCsq vaiues 
that were greater than 21S-fold to 804-fold that of the oo^staiiine drug afone. 



10 
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Tabie 12 





Poloxamer 


Concentration 
of Drug in Poiymer 
(wt%') 


Cn>ax,SO 


AUCgo 

(mtn-g/mL) 


10 


Pluronic F-127 


10 


930 


70,800 


11 


Pfuronic F-127 


25 


699 


47.900 1 


12 


Piuronic F-127 


40 


264 


19,200 i 


1 13 


PJuronic F-108 


25 


542 


35,400 1 


Control C6 


None 




<1 


<88 f 



Examples 14-15 

5 ' Spray-dried solid compositions of Drug 4 and the poloxamers 

PLURONIC F-1 27 and PLURONiC F-1 08 were prepared by the foitowing procedures. 
Drug and poiymer were first added to acetone and mixed to form a solution. Each 
solution was pumped into a "minr spray-drier apparatus via a syringe pump at a rate of 
0.7 mL/min, The polymer solution was atomized through a spray nozzle using a 

10 stream of nitrogen heated to 90^C, The resulting soird spray-dried composition was 
coBected on a filter paper and dried in a vacuum dessicator. Table 13 summarizes the 
preparation parameters. 

Table 13 

15 



1 


Drug 
i No. 


Conoen- 
Iration of 
Drug 4 in the 
Composition 


Drug 
fvlass 

i (g) 


i PoiOKamer 


Polymer 
Mass 

(g) 


Soivant 


1 Solvent 
fvlass 

(g) 


Spray | 


14 i 




25 




: Pluronic 


0.7601 


Acetone 


116 


mini 


16 




25 




Pluronic 
F-108 


0.2199 


Acetone 


44,15 





The spray-dried compositions of Exampies 14-15 were evaiuated in an 
in vitro dissoiution test as In Examples 10-13. The amount of each composttion 
added to the microcentrifuge tube was adjusted so that the concentration of Drug 4 In 
20 solution if ali of the drug had dissolved was 1000}©/mL. The resuits of these tests are 
presented in Table 14. 



Table 14 



wo 2005/065657 



PCT/JB2004/«04^87 



! 


Time 


Drug 4 
Concentnatton 


AUC 


lExampl[e_ 


{mJn) 






14 


0 


0 


0 




4 


508 


1,000 




10 


449 


3,900 ! 




30 


420 


8,200 1 




60 


371 


16,100 1 




90 


272 


32,200 




1200 


125 


253.000 




0 


0 


0 




4 


267 


600 




10 


239 


2,100 




20 


221 


4,400 1 




40 


196 


8,500 i 




90 


143 


17.000 1 




1200 


36 ; 


116.200 \ 



The resufts are siJmmarized in Table 15^ which also includes the data for 
Control 6, which was tested under the same conditions. The results show that the 
dissolution results for the composKions of Examples 14-15 were much better than that 
5 of the cfystailine drug alone (Control 6), providing Cmax^so values that were greater than 
267-fotd and 508-foid that of the crystaHine drug alone, respectively, and AUCgo values 
that were greater than 193-fold and ses-fold that of the crystafline drug alone, 
respectively. 

10 Tabfe 15 



1 Example 


Poloxamer 


Concentration 
of Drug 

in the 
ComposftJon 

<wt%) 




AUCgo 1 
(min- 
}ig/mL) 


1 14 


Pfuronic F*127 


25 


508 


32,200 1 


i 15 


Pfuronic F«108 j 


25 


267 


17,000 j 


1 ContfoiCe 


None 




<1 


<88 1 



wo 2005/065657 



PCT/JB2004/«04^87 



Exampte 16 

A soHd amorphous composition comprising 25 wt% Drug 4 in pofoxamer 
407 (PLURONfC F127) was prepared via a meft-congeai process as in Examples 10 - 
13, with the exoepttons noted In Table 16. 

5 



Table 16 





Concentration of 


Drug 




Polymer 




Drug in Poiymer 


Mass 




Mass 


ExampiEe 


(wt%) 


i9) 


Potoxamer 


(9) 


16 


25 


1,9997 


Piuronic F-127 


aooi2 



10 

Thrs compositjon was evaluated In an fn vitro dissolullon test as in E;<ampi6s 10-13. 
The results of these tests are presented in Table 1 7. 

Table 17 

15 



Exam pie 


1 Time 
(min) 


1 Drug 4 
1 ConcentratJon 
i (MQ/mL) 


AUG 
(min-ag/mt) | 


16 


0 


1 0 




4 


; 729 




10 


789 


6.000 


20 


721 


13,600 


40 


692 


27,700 "1 


90 


544 


I 


1200 , 


124 


42S),50d 1 



The results are summarized in Table 18, which also tnciudes the data for 
Controf C6, which was tested under the same conditions. The resuits show that the 
20 dissofutton results for the composition of Example 1 6 were much better than that of the 
crystalline drug alone, providing a C«^x,3d value that was greater than 789-fold that of 
the crystalline drug aione, and an AUCso value that was greater than 665-fofd that of 
the crj^tafllne drug atone. 
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Tabfe 18 



1 Example 


Potoxamer 


1 Concentration 
Of Dmg in 
Polymer 




AUCao 1 


j 16 


PLUROISilC F*127 


25 


789 


S8,600 j 


1 Controi C6 


None 




<1 


<88 I 



5 

The eomposition of Example 16 was used as oral powders for 
constitution (OPC) for evaluating the performance of the oomposittons in m vivo tests 
using male bsagle dogs. The OPC was dosed as a suspension in a sotutfon contaimng 
0.5 hydroxypropyl ceBulose METHOCet® {from Dow Chemical Co.), and was 
10 pnepared as foHows. First, 7.6 g of METHOCEL«l* was weighed out and added slowly 
to approximateiy 490 mL of water at 90-1 00^ to form a MeTHOCE^3suspenston> After 
at( the METHOGEL€^ was added, 1000 mL of coo!/room temperature water was added 
to the susperrsron, which was then placed in an ice water bath. When afl of the 
y ETHOCEIShad dissolved, 2.55 g of pofyoxyethylene 20 sorbitan monooleate 

15 {TWEEN SO) were added and the mixture stirred until the TWEEN 80 had dissofved, 
thm forming a stock suspension sofutlon. 

To form the OPC, suff icient quantity of the test compositfon to reauit m a 
90 mgA amount of Drug 4 was weighed and placed into a mortar. ("mgA'' refers to mg 
of active drug>) A 20 mL quantity of the stock suspension soiutton was added to the 

20 mortar and the test composition was mixed with a pestle. Additional METHOCEL® 
suspension was added graduaily with mixing until a total of 400 mL of the stock 
suspension soiution had been added to the mortar. The suspension was then 
transferred to a fiask, thus forming the OPC. In addition, an OPC containing 90 mgA of 
amorphous Drug 4 ^Control C7) was prepared using the same procedure. 

25 Six maie beagie dogs were each dosed wfth the OPC, On the day of the 

study, the dogs in a fasted state wars dosed with the OPC using a gavage tube and a 
syringe, Whofe bfood samples were taken from the Jugular vein and anaiyzad for the 
concentration of Drug 4 using the following procedure. To 100 }iL of each plasma 
sample, 5 mL of melhyi-tert4>utyJ ether (MTBE) and 1 mL of 500 mM sodium carbonate 

30 buffer (pH 9) were added; the sampfe was vortexed for 1 mmutB arKi then centrifuged 
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for 5 minutes* The aqueous porlfon of the sample was frozen in a dry-tee/acetone 
bath, and the MTBE layer was decanted and evaporated in a vortex evaporator. Dried 
sampies were reconstituted tn 100 iiL of mobile phase (33% acetonitrife and 67% of 
0 J% formic acid In water). Anafysis was carried out by HPLC* The results of these 
5 tests are presented in Table 19 and show that the compositions of the present 

invention provided enhanced drug concentration and enhanced relative bloavaHabHity 
as compared to the amorphous Drug 4 control {Controi C7). 



Table 19 



Compositton 






Example 16 (25 wt% Drug 4 in PLUftONiC F127) 


544 




Control C7 (amorphous Drug 4) 


<0.1 


<0.2 j 



The composition of Example 16 provided a Cmsx that was more than S440-fold that of 
the amorphous controi, and a reiative bioavailability that was greater than 10, 

15 

Comparative Example C8 
This Example demonstrates that a solid composition made using a tow- 
solubility drug having a low Tg at high drug loading is not physlcaify stable, A solid 
composition was prepared consisting of 50 wt% of Drug 4 and 50 wt% poloxamer 407 

20 < PLURONtC F1 27) using a thermal method. In this method, 4,9 g of the PLURON! C 
was placed in a glass vial and melted in an oil bath to 1 1 0C. Next, 4,9 g of Drug 4 was 
added to the moften potoxamer, fomf^ing a clear solution. Next, the container 
containing the molten mixture was removed from the hot oa bath and placed into liquid 
nitrogen, resulting in soHdification of the moiten mixture within a few seconds. The 

25 container was removed from the fiquld narogen after about 60 seconds and allowed to 
warm to ambient temperature. The resulting opaque soild composition was then 
removed from the container using a spatula and broken Into small pieces about 1 mm 
thick. The pieces were then placed Into a mortar with some liquid nitrogen and ground 
into a white powder using a pestle. Analysis of the solid composition by PXRD showed 

30 that a sybstantlal portion of the drug in the composition was amoiphous. 
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The above composition was stored for threa weeks in a controited 
atmosphere of 40C and 25% RH. Analysis of the sample by PXRD showed that about 
50 wt% of the drug in the composffion had ciystaHized, cleariy indteating physical 
instabSity. 

5 

Example 17 

Particles were formed with (2R)-3-[{3"(4"Chloro''3- 
ethy lphenoxy)phef>yl][[3K1 ,1 ,2,2-tetraf luoroethoxy)ph©nyl]m0thy{JaminoH , 1 ,1 4rlf iuoro- 
2"propan0[ f Drug 5'*). This drug has a Log P value of about 10.0, aT^^^rug of about 

10 -IS'^C, a of about WC; thus, the T«,/rg ratio (inSK^ was 1.1. To form the parttetes, 
125 mg Datg 5 and 500 mg of PLURONiC F127 were weighed into a scintfffatton viaL 
A stir bar was added, ar>d the via! was placed In an 80''C oii bath. The mixture was 
heated and stirred until the PLURONIC melted and a clear sofutlon was obtained. The 
mixture was cooled in ilquid nitrogen and ground into particles using a mortar and 

15 pestle* 

The so-formed partioles were tested in wfm to ascertain concentration 
enhancement of Drug 5 as In Exampfes 1 - 2 at a dose of 120 |xg/'mL Contro} C9 
conststad of amorphous Drug S atone. The results from these dissolution tests of the 
particles of Example 17 and Control C9 are shown in Table 20. 
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Table 20 







Drug 5 




Exampte 


Tfma 


Concentration 


AUC 




(min) 


(^g/mt) 


(min*{.ig/mL) 


17 


_ _ 0 


0 


0 


3.5 


110 


19Q 


7.25 


119 


620 


11 


121 


1 100 


20 


120 


2 200 


' 40 


131 


4 700 


90 


124 


11 000 


1200 


115 


' 143.800 


Drug 5 : 


0 


0 


0 


as j 


2.8 , 


5 


7.25 1 


3.8 1 


17 


11 


5.3 


34 


20 


8-4 


96 


40 1 


15 


330 


90 1 


29 


1,400 


' 1200 1 


78 


60,700 



The concentrations of drug obtained in these sampies were used to 
determine the Ctt^^m and the AUC90 during the ioitia! 90 minutes. The results are 
5 shown m Table 21 , 



Table 21 



Example 


Drug Cone, 
in 

Dispersion 
(wt%A) 


Media 


Dose 




AUCso j 




r 20 


MFDS 


126 


131™™ 


11,000 " 1 


G9 
Amorphous 
1 Drug 5 


100 


MFDS 


120 


29 


1,400 j 



As can be seen from the data, the composition of Example 17 provided 
10 concentration enhancement over that of amorphous drug in that its Cm^^o was 4,5-foid 
thai of the amorphous controt, and its AUCm was 7.9-fojd that of the amorphous 
control 

The tarms and expreesions which have been empioyed in the foregoing 
specifiGation are used therein as terms of descriptton and not of limitation, an there is 
15 no Intention, in the use of such terms and expressions, of excluding equivalents of the 
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features shown and desoribed or portions thereof . it being recognized that the scope of 
the invention is defined and limited on!y by the oiaims which foiiow* 



